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Foreword
Livestock has positive and negative externalities that impact economic and social systems and the
ecosystem. TEEB for Agriculture & Food developed a framework to assess these impacts. TEEB asked
the consortium led by Wageningen University & Research with participation of Trucost and True Price 
to give insight into these externalities for the livestock sectors. Other consortia executed similar 
studies for rice and maize.
We would like to thank Anne Mottet and Felix Teillard (FAO) for their support in data gathering and
reviewing the draft final report. We would also like to thank Sandhu Harpinder (Flinders University)
for his valuable comments on the draft final report and the discussion we had during the conference
in Brussels in September 2015. TEEB subsidized the project.
We hope that the results of this study will be used by governments and firms in the livestock supply
chains to improve their decision-making regarding future developments of livestock production
systems all over the world.
Prof.dr.ir. J.G.A.J. van der Vorst
General Director Social Sciences Group - Wageningen University & Research
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Natural capital valuation 
glossary
KEY TERM DEFINITION
Ecosystem services Ecosystem services are “the direct and indirect contributions of ecosystems to human 
well-being” (De Groot et al., 2010). Examples of ecosystem services are food provisioning, 
carbon regulation and recreation.
Natural capital The naturally occurring living and non-living components of the Earth, together 
constituting the biophysical environment, which may provide benefits to humanity (SEEA 
definition). 
Natural capital can also be defined as “the stock of natural ecosystems on earth including 
air, land, soil, biodiversity and geological resources. This stock underpins our economy and 
society by producing value for people, both directly and indirectly” (NCC, 2014).
Externalities An externality arises when the actions of one economic agent in society impose costs or 
benefits on other agent(s) in society, and these costs or benefits are not fully compensated 
for and thus do not factor into that agent’s decision-making (Hussain et al., 2014). 
External costs and benefits are called respectively negative and positive externalities.
Invisible costs and benefits These terms are used as synonyms for externalities. Cost and benefits are considered 
invisible when not captured in the market. Examples of invisible costs and benefits relevant 
for livestock systems are GHG emissions and pest control respectively.
Visible costs and benefits Costs and benefits captured in the market. Examples of visible benefits relevant for 
livestock systems are food provisioning and raw materials. Example of visible costs are 
feed and labour costs.
Natural capital benefits In the top-down analysis, natural capital benefits are the values provided by agricultural 
and food systems, and by ecosystems and biodiversity to society. Natural capital benefits 
can be invisible (such as pest control) or visible (such as food provisioning). 
Natural capital costs or impacts Natural capital costs express in monetary terms the impacts on natural capital that are 
produced by livestock systems, as a result of resource use and pollutant emissions (units 
in $). Natural capital costs captured in this study are external to the market, thus are 
invisible costs.
Natural capital intensities In the top-down analysis, natural capital intensities express the natural capital cost per 
protein content (units in $/kg protein). This metric allows identifying the commodity that 
provides the greatest amount of protein with the lowest impact on natural capital.
Operational costs Costs due to resource use or pollutant emissions that occur due to farming activities. 
For example, the use of farm machinery that runs on diesel will cause the emission of 
greenhouse gases. 
Supply chain costs Costs due to resource use or pollutant emissions that occur due to upstream supply chain 
activities, thus outside the boundary of the farm. In the context of this study, all of the 
impacts from the production of inputs to the farm are encompassed in the term ‘supply 
chain costs’.
Natural capital dependencies A dependency represents an ecosystem service that provides utility to an economic 
process, which is said to “depend” on natural capital. For example the use of water in 
irrigated farming is a dependency of agriculture on natural capital.
Natural capital value Natural capital value is the value of ecosystems and natural capital in a given area of land, 
as a capital asset. It is defined through its present and future benefits to people. 
When a specific geographical area is selected, the value of natural capital can be further 
differentiated between internal natural capital value, which represents the benefits to all 
local stakeholders within a region, and external natural capital value, which represents the 
benefits to all stakeholders outside of the region.
Ecosystem benefits In the approach used in Chapter 5 ecosystem benefits are defined as the benefits from 
ecosystem services enjoyed, consumed or utilized by beneficiaries on a specific area of 
land. 
Ecosystem benefits constitute a subset of the value of final ecosystem services, that which 
is supplied by land and ecosystems, rather than by human inputs.
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Executive Summary
Introduction
The Economics of Ecosystems and Biodiversity 
(TEEB) is a global initiative that helps decision-ma-
kers recognize the wide range of values, including 
economic, provided by ecosystems and biodiversity, 
so once those values are recognized they can filter 
down into decision-making. TEEB has conducted an 
agriculture and food study (TEEBAgriFood study) to 
bring together economists, business leaders, 
agriculturalists and experts in biodiversity and 
ecosystems to provide a comprehensive economic 
evaluation of eco-agri-food systems, and demon-
strate that the economic environment in which 
farmers operate is distorted by significant externali-
ties, both negative and positive, and a lack of 
awareness of dependency on natural capital. 
Indeed, a ‘double-whammy’ of economic invisibility 
of impacts from both ecosystems and agricultural 
and food systems is a root cause of increased 
fragility and lower resilience to shocks in both 
ecological and human systems.
As input for the TEEBAgriFood study, TEEB asked 
for a series of studies on livestock, rice, palm oil, 
inland fisheries and agro-forestry. This report deals 
with livestock production and aims to improve 
decision-making in livestock production policies, to 
enhance its viability, not just economically but also 
socially and environmentally. Livestock sector is 
important because they have high externalities and 
it is expected that livestock consumption will be 
76% higher in 2050 compared to 2005 
(Alexandratos and Bruisma, 2012) because of  
population growth, income growth, urbanization 
and preference shifts. This report aims to provide 
evidence that will help to identify policy options for 
the transition towards increased food security with 
sustainable livestock production systems, with 
particular emphasis on the role of smallholder 
farmers.
This study started with the following specific 
research objectives:
•  Assess the visible and invisible values of biodi-
versity and ecosystems to the various types of 
agriculture systems (inputs) and evaluate the 
scale, range and degree of both positive and 
negative impacts of livestock production systems 
on ecosystems, health and livelihoods (outputs);
•  Explicitly address the role of smallholder far-
ming, and contrast it with an assessment of one 
large-scale system;
•  Use a differentiated approach that looks at major 
segments of society, such as rural and urban 
populations, developed and developing coun-
tries, as well as gender;
•  Include Tanzania as a study site for the purpose 
of evaluating a pastoralist system in order to 
complement the TEEB Tanzania country study. 
Method
The aim of this study is to assess the positive and 
negative socio-economic and environmental effects 
of livestock production systems, from both global 
and national perspectives, using a methodology 
based on a framework developed by TEEB. The 
methodology is driven by the notion that the 
valuation of the costs and benefits derived from 
livestock can be approached in two ways: a top-
down approach and a bottom-up approach (see 
figure S.1). The valuation of costs and benefits 
follows the principles of environmental economics, 
implying that those aspects are quantified in 
economic terms.
The top-down approach is a high-level analysis that 
identifies key geographical hotspots and material 
natural capital impacts. The top-down analysis is a 
valuation for the production of each commodity at a 
country level, with no differentiation between 
farming systems. This type of analysis makes it 
possible to determine the impact of livestock 
sectors worldwide. In this sense, a top-down 
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approach can be informative for decision-making 
with a large geographical scope. 
The bottom-up approach goes into more detail and 
complements than the top-down approach. The 
bottom-up approach assess the impacts upstream 
till farming gate and excludes the impacts from 
processing and consumption. Therefore, the 
authors have selected a set of livestock production 
systems for poultry, beef and dairy called 
‘snapshots’. Data are collected and used in the 
analysis to monetize the economic, social and 
environmental values and impacts of the different 
livestock production systems.  
A bottom-up approach can act as the foundation 
for decision-making within a specific geographical 
scope. This report also uses an in-depth case study 
to look at natural capital-human systems linkages 
for one of the selected livestock production sys-
tems (pastoralism in Tanzania) in a holistic manner. 
This analysis quantifies many dependencies on 
ecosystem services simultaneously and looks at 
local externalities using a time-explicit model. The 
in-depth case study is an example of how a 
detailed bottom-up valuation can show the invisible 
value of natural capital to the human economy in a 
given region.
Findings 
The findings are divided and presented by method, 
beginning with the findings from the top-down 
approach, and followed by the ones from the 
bottom-up approach. Finally, the case study is 
provided.
Findings from the top-down approach
Natural capital costs
•  Natural capital costs express in monetary terms 
the impacts on natural capital that are produced 
by livestock systems, as a result of resource use 
and pollutant emissions (units in US$). Natural 
capital costs include the impact of supply chain 
(upstream) and operational (farming) activities 
on six natural capital impact categories: GHG 
emissions, air pollutants, water consumption, 
water pollutants (from fertilizers application), 
soil pollutants (from pesticides application) and 
land-use change.
• The total natural capital cost of beef, dairy milk 
and poultry meat have been calculated by 
considering all producing countries, and thus 
represent the impacts of those sectors at a 
TEEB framework
Overiew of agro-eco-food 
system linkages
Top-down qualitative 
assessment
Ecosystem quality
One health
Snapshot descriptions
Livestock systems 
description and 
specific data
Bottom-up qualitative 
assessment
Top-down valuation
General data - Global coverage
Hotspot analysis, costs and 
benefits of livestock commodities
Bottom-up valuation
Specific data - Regional coverage
Farming system analysis, costs 
and benefits of livestock systems
Pastoralism in Tanzania
case study
Region analysis, valuation of 
natural capital for land use 
change scenarios
Figure S.1  Overview of methodologies used to assess the impact of livestock production systems on socio-economic systems 
and ecosystems.
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global scale. Beef production is the sector with 
the greatest impact on natural capital worldwi-
de. The annual total natural capital cost of beef 
production (which is 1.5US$ trillion) is three 
times higher than that of dairy milk production 
(0.5US$ trillion) and approximately six times 
higher than that of poultry meat production 
(almost 0.26US$ trillion).
• For all producing countries, the share of the 
operational impact to the total natural capital 
cost is approximately 78% for beef, 65% for 
dairy milk and 29% for poultry meat. Thus for 
beef production the natural capital impact is 
mainly associated with the direct operations, 
while for poultry it is mainly associated with the 
upstream supply chain. This can be attributed to 
the lack of enteric fermentation, the low land 
requirements for poultry production associated 
with its direct operations, and the higher use of 
feed cultivated off farm and thus acquired as 
part of supply chain activities. Compared to 
beef, for dairy milk production the higher 
impacts occur in the supply chain as dairy 
systems rely more on purchased feed than beef 
systems, which have a greater impact on the 
supply chain.
• The share of the total global natural capital cost 
for the top-five contributing countries is 50% for 
beef (Brazil, United States, China, Argentina 
and Mexico); 39% for dairy milk (United States, 
India, Brazil, China, Russian Federation); and 
43% for poultry (United States, Brazil, China, 
Indonesia, Russian Federation). EU28 contribu-
tes 8%, 19% and 11% of the total natural 
capital cost of beef, dairy milk and poultry 
production respectively. This estimate is only for 
upstream and production and does not include 
consumption.
• Variation in natural capital costs between 
countries can be explained by: 
 – The total number of animals under production;
 – Efficiency of livestock production systems 
(resource use or emissions per tonne of 
production);
 – Natural capital valuation coefficients (for 
example, the value of the ecosystems present 
in the country).
Natural capital intensities
• Natural capital intensities express the natural 
capital cost per protein content (units in US$/kg 
protein). This metric makes it possible to 
identify the commodity that provides the 
greatest amount of protein with the lowest 
impact on natural capital.
• When determining the average natural capital 
intensity (considering all producing countries), 
beef has a higher natural capital intensity than 
poultry. This result is caused by higher GHG 
emissions and land-use change associated with 
beef production.
• The average natural capital intensity of EU 
countries is lower than the global average. This 
is partly due to a more efficient production 
system. 
Types of natural capital impacts
•  For beef and dairy milk, land-use change is the 
most important natural capital impact (contribu-
ting 72% and 62% of the natural capital 
intensity, respectively) followed by greenhouse 
gas emissions (20% and 22%, respectively) 
when considering all producing countries. In the 
case of poultry meat, GHG emissions (39%) and 
land-use change (36%) represent the largest 
natural capital impact. 
• The contribution of water pollution, water 
consumption and soil pollutants is on average 
small compared to the other impacts, in total 
less than 5% of the total natural capital costs 
for all species.
Benefits
• The provision of food represents one of the 
most significant benefits to society provided by 
livestock. Furthermore, livestock systems can 
enhance a wide range of regulating, supporting 
and cultural services, for example soil carbon 
sequestration (regulating service), the connec-
tion of habitats for plant species through seed 
dispersal in seasonal grazing systems (suppor-
ting service) and the enrichment of cultural 
identity through the role of livestock in social 
and spiritual activities (cultural service).
Biodiversity impacts and dependencies of livestock 
production
• Livestock production affects biodiversity in 
many different ways, the impact of which differs 
in type and magnitude depending on local 
conditions. The impact is predominantly nega-
tive, although some positive externalities exist 
as well, especially in extensive livestock grazing 
systems, such as pastoralism. Yet local manage-
ment practices can be used to alleviate the 
negative impacts or restore biodiversity.
One health: animal and human health 
• Livestock production systems have a huge direct 
and indirect impact on human health. This 
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impact can be a positive or negative externality. 
Animal protein is an important part of the 
human diet. Zoonoses (animal diseases) can 
endanger human health, as can the use of 
antibiotics in animal production systems. 
• Good indicators to quantify the relation between 
animal diseases and human health are currently 
lacking. This is partly due to a lack of know-
ledge and data in both the developed and 
developing world. However, sufficient informati-
on is available to underpin the above state-
ments.
• The relation between animal health and human 
health can differ among species which can 
influence the hidden costs per species.
Findings from the bottom-up approach
Following are the key findings of the bottom-up 
analysis of ten livestock production systems in four 
countries:
Overall findings
• The environmental externalities of animal 
protein production are a large invisible cost. The 
comparison of carbon externalities with the 
retail price of livestock products shows that 
these can account for 1%-143% for beef, 
19%-161% for milk and 19%-37% for poultry. 
Water pollution costs go from less than 1% to 
up to 25% of the product prices and show a 
high variability due to local environmental 
conditions. This implies that diversity is high but 
society as a whole nevertheless pays a signifi-
cantly larger price for animal protein consump-
tion than the retail price paid. 
• Beef farming has much larger natural capital 
costs per kg of protein compared to poultry 
farming; mixed dairy farming, which also 
produces beef, has lower external costs than 
pure beef farming. This holds for all the en-
vironmental impacts considered, namely 
greenhouse gases (GHG), land occupation and 
water pollution.
• Chicken meat production requires the smallest 
amount of land per unit of animal protein 
produced because of its favourable feed conver-
sion rate and absence of grazing. Mixed systems 
in dairy farming also occupy relatively smaller 
amounts of land, especially where productivity 
is high or reliance on grazing and imported feed 
is low. Extensive cattle systems result in the 
highest land occupancy as their primary source 
of feed is pasture grazing. Indeed, some of 
these areas, used by extensive cattle systems, 
support no other agricultural activity. However, 
land occupancy can be better understood if 
viewed alongside the impacts on biodiversity 
and local communities that each production 
system has within its specific region. 
Snapshot findings
• The production of beef as a ‘side’ product of 
intensive dairy farming with a high animal 
replacement rate is an alternative comparable 
to poultry in terms of the low impact on natural 
capital. This system, explored in its Dutch 
variation, appears to have land occupation and 
GHG emissions comparable to poultry, due to 
the system’s high efficiency. There are two 
important caveats to this conclusion: the first is 
that the quality of meat produced in this system 
may not be comparable to that of pure beef-fo-
cused extensive systems, and it is more suitable 
for ground meat products. The second conclu-
sion is that due to the high animal density, and 
import of nutrients, the Dutch system has a 
high water pollution cost and a very high 
nutrient leaching per hectare, the largest of all 
snapshots. A low water pollution cost per unit of 
output still translates into a very high nutrient 
load per hectare.
• The study of alternative beef systems in Brazil 
shows that improved pasture management and 
finishing in feedlots can reduce GHG natural 
capital costs by up to 20% and land use by 
37%. An analysis of water pollution externalities 
reveals that while improved pasture manage-
ment reduces water pollution, finishing in 
feedlots increases it compared to pure grazing 
systems. The net result is still positive for 
finishing in feedlots. 
• Backyard chicken rearing is found to have an 
environmental profile similar to that of more 
developed poultry systems, in terms of GHG 
emissions and water pollution, while it provides 
animal proteins at a lower cost in terms of land 
occupation and blue water use*. 
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* 
Water use is often split into green water, blue water and grey water. The blue water footprint refers to the volume of surface and groundwater 
consumed (evaporated) as a result of the production of a good; the green water footprint refers to the rainwater consumed. The grey water 
footprint of a product refers to the volume of freshwater that is required to assimilate the load of pollutants based on existing ambient water 
quality standards (see Mekonnen and Hoekstra, 2010)
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• Pastoralist systems generally have lower natural 
capital efficiency than other cattle systems, and 
land requirements are especially high. However, 
as opposed to feed-based or pasture-based 
systems, pastoralism can reap benefits from 
semi-natural ecosystems without seriously 
negatively affecting biodiversity and natural 
capital, as highlighted by the in-depth case 
study on pastoralism and landscape preserva-
tion in Tanzania.
Biodiversity impacts and dependencies of livestock 
production
• Livestock has both a direct and indirect impact 
on biodiversity. The direct impact through 
trampling and grazing and defecation appears to 
be smaller than the indirect impact through 
land-use change (deforestation) and intensifica-
tion of the land use creating homogeneous 
pastures for grazing and croplands for feed 
production, and climate change resulting from 
emissions of methane and other greenhouse 
gases.
• In poultry, and more intensive industrial-scale 
livestock production systems, the relation 
between land use and its impact is more 
obscure. Although these systems are sometimes 
called ‘land-less’ production systems, this is a 
misleading term. These systems still rely on 
(distant) cropland for production of the concen-
trated feed they import, spatially disconnecting 
the livestock and an important part of its 
impacts.
• Intensification of livestock production is an 
important trend resulting from the increasing 
demand for animal protein. Intensification 
involves a further concentration of resources 
(financial, labour and nutrient inputs) to pro-
duce more livestock on the same unit of land. 
As a result, intensification can influence live-
stock’s impact on biodiversity and natural 
capital in different ways. Locally the impact of 
more intensive production will increase; at the 
same time demand for feed will increase, 
leading to a higher distant impact. If, however, 
this increase in intensity is accompanied by 
better production efficiency, i.e. more kilograms 
of protein (or meat, milk or eggs) per unit of 
input, then the overall biodiversity impacts per 
unit of protein product may decrease. Because 
it is not always possible to increase efficiency, 
as it depends on factors like local growing 
conditions, this does not mean that intensifica-
tion is a solution under all circumstances.
Animal and human health
• There is variation in the use of antibiotics within 
and between species. In general, intensification 
of livestock production goes hand in hand with 
an increase in the use of antibiotics, and in 
poultry antibiotics are used more frequently 
than in cattle production per kg of protein 
produced. However, there are mitigation 
strategies that enable a mix of intensive produc-
tion and low input of antibiotics.
• Zoonoses exists in all regions and animal 
production systems. The impact of food-borne 
diseases and non-alimentary zoonoses (like 
Q-fever in the Netherlands) is more or less 
unknown.
Findings from the case study
Following are the findings from the case study on 
pastoralism and landscape preservation. They add 
an additional layer to the bottom-up valuation of 
the snapshot regarding the pastoralist beef system 
in Tanzania. An analysis of the internal value of 
natural capital takes a regional approach to provide 
a closer look at what other benefits pastoral 
rangeland ecosystems provide to human popula-
tions in the Maasai Steppe, beyond meat and milk 
production. The expansion of farmland brings 
income to settlers, both traditionally nomadic local 
populations and migrants from other regions, but it 
has a negative impact on pastoralists and wildlife. 
Cropland encroaches upon migratory routes and 
the most fertile grazing areas are claimed by 
agriculture. Furthermore, as land in the Maasai 
Steppe is generally arid and not particularly suited 
for farming or keeping concentrated livestock, 
agriculture is characterized by low productivity and 
declining soil fertility.
• The discounted internal natural capital value 
(discount rate = 3%) of the Maasai Steppe, 
valued looking at final ecosystem services to the 
Tanzanian population, is estimated to be US$2.7 
billion if the conversion from pastoral rangeland 
to mixed crop and cattle farming occurs at high 
speed, US$3.3 billion if it occurs at medium 
speed, and US$4 billion if it occurs at low speed.
• Livestock production provides the largest share 
of benefits from ecosystems for the local 
population in the Maasai Steppe. Pastoralism 
and sedentary farming both contribute equally 
to this value creation, mainly through food 
production, although skins and hides are also 
marketable products.
• Two other large components of natural capital 
value in the region today are contributions to 
crop farming and tourism. A literature study 
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reveals that these two activities are in competi-
tion, as expansion of farmland threatens wildlife 
migration corridors, negatively affecting animal 
populations, which in turn have significant 
touristic value.
•  Other forms of direct value creation from 
ecosystems and biodiversity are raw materials, 
wild food such as vegetables and roots, medici-
nal herbs, drinking water, and forest products 
such as timber, charcoal, firewood, tree gum, 
honey and beeswax. These goods have a lower 
market value but can still constitute an impor-
tant means of subsistence for the local popula-
tion.
• A comparison of three scenarios of land conver-
sion from rangeland to mixed crop and cattle 
farming at different speeds reveals that a faster 
conversion from pastoralism to agriculture leads 
to less ecosystem value in the long run, al-
though farming has the highest value in the 
short term. This result is attributable to the 
negative effect of mixed crop and cattle farming 
on pastoralist access to grazing lands and on 
wildlife populations in national parks, together 
with the unsustainability of current mixed arable 
livestock systems in the region.
• Additionally, carbon emissions due to land-use 
changes are also an important externality of 
conversion of rangeland to agriculture, estima-
ted to range from US$15 billion in a low speed 
scenario to US$24 billion in the high speed 
scenario. Expanding the analysis to carbon 
stocks confirms that the interests of the global 
communities are aligned with the local commu-
nity, as global communities will also benefit 
from a slower rate of conversion.
Conclusions
The livestock sector is a major contributor to the 
global ecological footprint. The global demand for 
animal products will grow further in the next 
decades due to expanding human populations and 
the average increase of meat consumption per 
person. Existing scenarios estimate global demand 
in 2050 to be 150% to 200% of what it was in 
2010.
The question is whether this growth will further 
deplete natural capital worldwide, or whether we 
will be able to enhance the production of animal 
protein and simultaneously reduce the loss of 
natural capital. This study – the first of its kind to 
apply natural capital valuation on a large scale to 
livestock production worldwide – analyses cattle 
and poultry production at a global level but also in 
different countries for specific production systems, 
climatic zones and under different levels of intensi-
fication. The impact of livestock systems on social, 
economic and environmental issues has been 
quantified where possible. When there is no 
reliable data, the authors provide a qualitative 
assessment based on scientific literature.
The big picture is clear: animal products are 
under-priced. Climate change, the loss of ecosys-
tems, water pollution, and the impact of water 
shortages are only some examples of the costs 
derived from livestock production that were 
calculated in this study and are ultimately borne by 
society. We estimated these costs for cattle and 
poultry to be 2.28 x 1012 US$ per year (2.28US$ 
trillion) worldwide, most of it due to beef 
production.
 
In order to understand the implications of this 
growth we have to analyse specific livestock 
systems in more detail. The implications for natural 
capital of high-input, specialized livestock systems 
on the medium and large scale are reasonably well 
documented and understood. These systems reach 
high productivity levels and rely largely on external 
inputs, such as purchased feed, capital and 
medicines. These highly specialized systems could 
potentially feed large urban populations as they 
can be easily scaled up. 
It is well known that the production of chicken and 
milk proteins have a much lower natural capital 
impact than the production of beef per kg of 
animal protein, so it is likely that internalizing 
external natural capital costs would shift diets 
towards poultry and dairy. At the same time, there 
is room for livestock systems to reduce the natural 
capital costs per kilogram of protein, especially for 
smallholder livestock systems, which are a major 
contributor to the world’s food supply. The more 
intensive dairy systems are more efficient at this 
moment but also more closer to maximum efficien-
cy and the potential for improvement are therefor 
less.
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We found substantial diversity in the regions we 
studied in terms of productivity, impact on climate, 
water quality and biodiversity, as well as a high 
potential for improvement. This potential can be 
realized by understanding the options available 
based on local conditions, measuring the impacts 
and developing and disseminating best practices. 
Local conditions that should be taken into account 
include access to markets, inputs and knowledge, 
but also local climate, local ecosystems and 
availability of crop residues. Especially in ruminant 
systems, there is a double benefit, because 
intensifying systems will increase production and 
reduce the GHG emissions per unit of product. 
Thus, food security and mitigation can go hand in 
hand with livestock intensification in many small-
holder systems the output can be strongly 
increased by small increase in inputs (like know-
legde,  feed or antibiotics). This is especially the 
case for smallholder systems in Asia and Africa.
This study also looked at several subsistence 
systems. Pastoral cattle and backyard poultry do 
not require much input, but have a low output level 
per animal and low efficiency per kilogram of 
protein. However, not only do subsistence systems 
supply food to the most vulnerable populations, 
they are also well adapted to local constraints, 
have many side benefits for local poor communi-
ties, and usually have a very low or even positive 
biodiversity impact. Though these aspects of 
subsistence livestock production are not yet well 
understood, they are important. For example, a 
case study of the Maasai Steppe in Tanzania 
showed that pastoralism can conserve measurable 
ecosystem services and natural capital value, 
especially if the alternative is farming that will 
eventually lead to land degradation. The pastoralist 
systems are under pressure, especially in rural 
areas in developing countries. The importance of 
subsistence systems for the poor should be made 
visible in more contexts and basic improvements in 
terms of food security and productivity should be 
pursued. 
The message is clear: the growth of the livestock 
sector presents many risks for natural capital, but 
there is much that can be done to tackle these 
risks. It is possible to produce animal products for 
the world population without losing this form of 
wealth, if the right path is followed. First, natural 
capital has to be fully measured, as its visibility is 
a requirement for its conservation. Second, a 
single livestock production system alone cannot 
supply animal products to the whole world. The 
entire range of livestock systems would need to 
contribute to feed the future world population with 
animal proteins. Therefore, the right improvements 
need to be identified and pursued for each context, 
using a suitable, location-specific approach. The 
links between livestock, ecosystems and society 
needs to be valued and understood at the regional 
level. Finally, livestock systems are key compo-
nents of agro-ecosystems and under specific 
management practices can enhance the provision 
of ecosystem services. Therefore, mechanisms 
have to be developed to internalize external costs 
and encourage good agricultural practices, without 
affecting food security for the poor. Internalization 
will help market forces to steer the food sector 
down a more sustainable path, where natural 
capital wealth is leveraged to create wealth for the 
current as well as future generations.
Policy recommendations
Based on these findings, we have identified the 
following policy recommendations:
Pay the full price without affecting food 
security
• Negative externalities should be internalized in 
the price of animal products, without affecting 
food security. This can be done, for example, 
via voluntary commitments, environmental 
taxation or environmental regulation. However, 
these measures should not increase food prices 
for vulnerable shares of the population. Interna-
lization of negative externalities will help to 
steer the livestock sector down a path that 
minimizes the loss of natural capital. 
• The positive externalities of livestock production 
– from managing landscapes to supplying 
organic fertilizer, from animal traction to 
fulfilling cultural functions – should be rewar-
ded. These rewards should at least consist of 
fully recognizing any type of social cost-benefit 
analysis, and at best offer payment for ecosys-
tem services schemes. If positive externalities 
remain invisible and co-benefits are not encou-
raged, desired improvements of agricultural 
systems may lead to unwanted side effects. If 
invisible but important positive externalities 
disappear, as a result of agricultural develop-
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ment, the economic losses for the beneficiaries 
of these co-benefits could be larger than the 
benefits due to these innovations. 
Consolidate valuation of natural capital
• An important requirement for internalization is 
that natural capital be consistently measured. 
Governments should encourage dialogue 
between different stakeholders, such as interna-
tional organizations, NGOs, companies and 
investors, in order to create a standardized 
valuation framework that would make it possible 
to monetize different costs and benefits that 
affect human well-being as well as the ecosys-
tem and biodiversity. This framework will make 
it possible in the future to simultaneously 
capture the hidden costs and benefits of live-
stock systems and the visible costs and bene-
fits, and that, in turn, has given decision-ma-
kers the opportunity to start embracing 
sustainable livestock production practices. The 
Livestock Environmental Performance and 
Assessment (LEAP) project aims to build 
consensus between different stakeholders 
(governments, the private sector, NGOs and 
CSOs) on how to measure the environmental 
impact of livestock. Furthermore, the Natural 
Capital Coalition and The Sustainability Consor-
tium (TSC) are great examples of progress in 
this regard, which can be applied to different 
industry sectors, not only livestock.
Improve livestock production systems
• Scenario studies show that increased animal 
protein production is possible without increasing 
natural capital costs. Governmental environ-
mental programmes and reduction initiatives 
should focus on material natural capital impacts 
identified in this study, such as GHG emissions, 
land use and water pollution. In this sense, 
developing and promoting good agricultural 
practice could contribute greatly to reducing the 
impact of livestock. For example, improving 
manure management or animal diet would 
decrease GHG emissions of livestock. On the 
other hand, avoiding the excessive fertilization 
of feed crops (for example through precision 
agriculture) as well as promoting appropriate 
manure management would decrease nutrient 
run off and thus pollution of water bodies 
associated with livestock production.
•  One of the most important options is increasing 
the production per unit of land and per animal, 
so more animal proteins can be produced with 
less input, such as water, minerals, antibiotics, 
land and energy. This would also decrease the 
natural capital costs per kilogram of animal 
protein. Sometimes, improving efficiency goes 
hand in hand with an increase in scale of farms 
and the risks of increasing negative impacts like 
the leaching of minerals, the misuse of antibio-
tics, or the outbreak of zoonotic diseases. For 
example it was highlighted that in the case of 
Brazilian grass-fed cattle, the introduction of a 
finishing period in feedlots can increase output 
and improve GHG and land intensity, but it 
would also have some costs related to additional 
water pollution. Good farming practices like 
improving pasture management, improving 
animal health or soil fertility management 
where feed is produced, should be put in place 
to increase the production without increasing 
the negative impacts. Improvement options for 
smallholders must be assessed and identified on 
a regional basis. In general, technical know-
ledge should be shared between countries with 
dedicated platforms, so that the good techno-
logy and good farming can be applied to 
decrease natural capital impacts. Special 
attention should also be given to the adaptabili-
ty of those techniques to local conditions. This is 
particularly important as several BRIC and 
developing countries are becoming key worldwi-
de livestock producers as a result of rising 
incomes. For example, Brazil and China are key 
global contributors to the total natural capital 
cost for the three livestock commodities analy-
sed, partly due to high production quantities.
Healthy diet: our role as consumers
•  Governments should start a dialogue on the 
links between consumer behaviour, change in 
diets and natural capital preservation. According 
to the results of this study, diets that would 
substitute beef with chicken consumption are 
beneficial from a natural capital point of view. 
This holds at the margin until the point where 
grassland has no alternative agricultural use. 
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Agenda for future research
This study has tried to help answer the question 
how we can sustainably feed the global population 
with animal proteins without increasing natural 
capital costs. Still, this question has many more 
dimensions than those addressed here. Future 
research should continue to look systematically at 
the positive and negative impacts on natural 
capital of livestock production value. This will 
require expanding the scope and including in the 
equation issues that have been left out until now. 
The extended TEEBAgFood framework can be used 
as a basis to guide an economic evaluation of the 
eco-agri-food system as a complex, highlighting 
economic distortions, hidden external costs and 
dependencies on natural systems. The framework 
overcomes  the problems of seeing nature, agricul-
ture and the food system as distinct from each 
other by mapping their interconnections in a 
comprehensive way.
Following are some important questions that need 
to be addressed in the future:
• This study has focused on livestock production 
systems worldwide. The next step is to syste-
matically compare alternative livestock systems 
and potential improvements, because it will 
yield insights that can be directly used in 
decision-making. Substitutability happens when 
systems operate in the same geography or 
produce the same products for the same market 
and one can be scaled down and the other 
scaled up to some extent.
• This study has highlighted the fact that livestock 
production exists not only in complex interrela-
tion with natural ecosystems, but also with 
nearby and faraway crop systems. Looking in 
more detail at mixed arable livestock systems 
as a whole can reveal the full benefits of 
integrating these two activities, which is 
common practice for smallholder farmers all 
over the world. This type of complex research 
faces methodological and data availability 
challenges, but offers a unique perspective in 
linking food production and natural capital 
regeneration from an economic, ecologic and 
agronomic perspective.
• Smallholder agriculture feeds a significant part 
of the world population, but whether and how 
this can be leveraged for natural capital conser-
vation and enhancement is not always clear to 
policymakers. Research linking the economic 
and social development aspects of smallholder 
agriculture with environmental considerations is 
necessary in this regard. Monetary valuation is 
one of the key tools to understand and compare 
these interrelations. We recommend integrating 
economic, social, and environmental aspects in 
research on smallholder agriculture in the same 
way as it is often performed in family and large 
scale farming. This kind of research would be 
useful in understanding the costs and benefits 
of intensification and examining trade-offs 
between income and natural capital.
• Not only can livestock and agricultural systems 
provide food, but they can also manage land-
scapes to increase their value in multiple ways. 
The innovative land valuation framework applied 
to East African pastoralism can be applied to 
investigate the value of natural capital assets in 
other agricultural, natural and semi-natural 
ecosystems. Research that seeks to systemati-
cally identify and calculate the internal and 
external natural capital value of key food-produ-
cing regions in the world and the value of 
sustainable landscape management should be 
strengthened. This requires additional efforts to 
gather reliable regional data on the natural 
goods and services grown and used on a 
specific type of land (provisioning ecosystem 
services such as water supply and agricultural 
products) and of the sustainability over time of 
these benefits (related to deforestation, water 
stress and land degradation trends).
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Introduction
1.1  Background
The Economics of Ecosystems & Biodiversity (TEEB)1 is a global initiative helping decision-makers to 
recognize, demonstrate and capture values of ecosystem services and biodiversity. Ecosystem services 
are the direct and indirect contributions of ecosystems to human well-being (Kumar, 2010). The TEEB 
study on Agriculture and Food (TEEBAgriFood) was designed to make the natural capital inputs as well as 
the externalities of agri-food systems ‘visible’. More specifically it was designed to demonstrate that the 
economic environment in which farmers operate is distorted by significant externalities (both negative 
and positive), and a lack of awareness about high dependency on natural capital.2
  
A ‘double whammy’ of economic invisibility of impacts from both ecosystems and agri-food systems is 
the root cause of increased fragility and lower resilience to shocks in both ecological and human (econo-
mic and social) systems (see Hussain and Miller, 2014). As input for the TEEBAgriFood study, TEEB asked 
for a series of studies on livestock, rice, palm oil, inland fisheries and agro-forestry. This report deals 
with the study on animal husbandry and aims to improve decision-making concerning livestock produc-
tion policies, to enhance its viability, not just economically but also socially and environmentally. This 
study will provide the necessary evidence to identify policy options for transitioning towards increased 
food security with sustainable livestock production systems, with particular emphasis on the role of 
smallholder farmers.
Specific research questions in the Terms of Reference included:
•  To assess the visible and invisible values of biodiversity and ecosystems in the various types of 
agriculture systems (inputs) and evaluate the scale, range and degree of both positive and negative 
impacts of livestock production systems on ecosystems, health and livelihoods (outputs);
• The role of smallholder farming needs to be explicitly addressed; besides small-scale production, a 
contrasting large-scale system also needs to be assessed;
•  A differentiated approach by major segments of society, such as rural and urban populations, develo-
ped and developing countries, as well as gender; and
•  Study sites still need to be chosen, but they should include Tanzania for its pastoralist system evalua-
tion. 
In order to do this, we have mapped, visualized and valorized the use of natural capital inputs, and 
assess the negative and positive externalities of livestock production systems, on a global level and also 
for several specific livestock production systems in specific countries (‘snapshots’).
This chapter will first describe consumption and production trends (section 1.2), followed by an introduc-
tion to the TEEB framework (section 1.3). We used the TEEB  framework of 2014. In the meantime this 
framework has been extended to include the entire value chain. This is the major framework used in this 
study to assess all positive and negative relations between livestock production systems, on the one 
hand, and the human (economic & social) system and ecosystems and biodiversity, on the other hand. 
The structure of the report is outlined at the end of the introduction. 
1 See http://www.teebweb.org
2 Natural capital can be defined as ‘the stock of natural ecosystems on earth including air, land, soil, biodiversity and geological resources. This 
stock underpins our economy and society by producing value for people, both directly and indirectly’ (NCC, 2014). This implies that impacts on 
natural capital include impacts on society (human health) and on ecosystems.
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 1.2 Livestock in a changing world
Animal protein, minerals and vitamins are an important part of the human diet and will probably become 
even more important in the future. The main drivers that will increase demand for animal products in the 
future are income, population growth and urbanization. The expected increase in demand for animal 
products between 2000 and 2050 is about 19% to 37% per capita as a result of higher incomes, though 
these figures also depend on the scenario used (Animalchange, 2012). Global population growth – which 
is expected to increase from about 6.9 billion people to 8.5 and 10 billion between 2010 and 2050 – will 
further increase demand (estimates range from an increase of 46% to 99%). This projected increase in 
demand can be met in two ways: by increasing efficiency (producing more animal proteins with less 
inputs) and by expanding production (numbers of animals). Which of the two pathways will be dominant 
also depends on yield development and crop prices as shown by Havlik et al. (2013). Havlik et al. (2013) 
estimate that presently about 5% of the milk produced is 100% grass fed; 70% is produced in mixed 
systems (grass, crops and crop residues) and 25% in other systems, i.e. mainly in commercialized 
landless systems (‘footloose’) and to a much smaller extent in systems based on scavenging and resi-
dues (’backyard’). For beef production these percentages are 22%, 56% and 22%, respectively. In a 
baseline scenario (identified as 2030-B, in table 1.1 below), which assumes there will be an increase in 
crop yields, the contribution of grass-fed systems is expected to decline and the contribution of the 
mixed systems is expected to increase. If there is no expected increase in crop yield (scenario 2030-SO 
in table 1.1), then an increase of the grass-fed system is expected for milk and beef production, while 
the additional contribution of mixed will be more limited.
Table 1.1 Share of global production by livestock production systems in %
Milk Ruminant meat
Grass Mixed Other Grass Mixed Other
2000 5.2 70.3 24.5 21.8 56.1 22.1
2030-SO 8.9 75.2 15.9 27.4 57.7 14.9
2030-B 2.8 81.3 15.9 19.0 66.0 14.9
Source: Havlik et al. (2013)
Figure 1.1a shows that in 2006 global cattle production was highly concentrated in the Midwest of the 
US, Brazil, sub-Sahara region in Africa, Europe, India and the western part of China. Figure 1.1c shows 
that poultry production was highly concentrated in the west of the US, in the south of Brazil, in the west 
sub-Saharan region in Africa, in India, in the west of China and in Indonesia. Besides the industrial 
production of broilers in the US, Europe and Brazil, in many regions of the world most chickens are kept 
in small-scale and backyard production systems. There are several ways of enhancing food security and 
meeting the growing demand for livestock products. These options have different economic, social and 
environmental impacts, however. Policy-makers at the national, regional and global levels need to make 
choices to enhance food security without compromizing ecosystem quality and integrity, and to integrate 
economic, social and environmental values. 
At the global level trends in consumption per head and population growth differ between regions. For 
Europe and the United States, for example, consumption per head is expected to decrease in the coming 
decades and population growth is expected to be near to zero. The demand for animal protein is expec-
ted to decrease in this part of the world. Africa, however, expects higher incomes and substantial popula-
tion growth. These trends will dramatically increase the demand for animal protein. Given the fact that 
the present levels of production of meat, milk and eggs are low in Africa it will be a challenge to increase 
the availability of animal products to meet the increasing demand. Present import levels related to 
production and consumption are low in Africa (see Herrero et al., 2014). 
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There are essentially three development options:
a  Produce the feed and animal protein in the same country or continent. This means that the area 
for agricultural production has to increase substantially, as does the efficiency of growth in terms 
of crop production and animal production;
b  Produce animal protein in the country or continent and import the feed or feed ingredients from 
other countries or continents; 
c  Import animal products from other countries or continents, which may make other countries more 
dependant. 
The Animalchange scenarios (Animalchange, 2012) show that consumption and production are 
expected to grow in Africa, India, Indonesia and Latin America. These are also regions with vulnerable 
and valuable ecosystems and biodiversity (e.g. compare with Myers et al., 2000 or Newbold et al., 
2015). 
Figure 1.1  Gridded livestock of the world: global distribution of a) cattle; and c) chicken; excluding South America and Africa. 
Source: Robinson et al. (2014)
1.1a
1.1c
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1.3  Framework used
The aim of this study is to assess the positive and negative socio-economic and environmental effects of 
livestock production systems, from both global and national perspectives, using the methodology and 
framework as developed by TEEB (Hussain and Miller, 2014). Figure 1.2 summarizes and visualizes the 
links between agri-food systems, human systems, and ecosystems and biodiversity. Chapter 2 (‘Methods 
and data’) explains how this framework is used to assess the different livestock production systems. 
This study combines two types of approaches to provide a view of natural capital externalities and 
dependencies of the livestock sector: a top-down and a bottom-up approach. The top-down approach 
provides a general assessment of the natural capital impacts of selected livestock sectors, highlighting 
key natural capital aspects and geographical hotspots. The bottom-up approach analyses specific kinds of 
animal husbandry systems in their geographical and socio-economic context, assessing different typolo-
gies of farms. While the first approach allows a broad geographical coverage and identifies hotspots but 
also the impacts of the sector worldwide, the latter enables the comparison of specific farming systems 
and the incorporation of region-specific nuances. Throughout the report, the first type of valuation will be 
referred as ‘top-down valuation’, while the latter as ‘bottom-up valuation’. Chapter 2 presents and 
compares the two valuation approaches.
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Figure 1.2  Framework showing the eco-agri-food system nexus (source: Hussain and Miller, 2014)
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1.4  Reader’s guide 
The structure of the report is as follows. Chapter 2 describes the methodology and data used in detail. 
This chapter explains the complementary top-down and bottom-up approaches to assess livestock 
production systems on their negative and positive externalities. Chapter 2 also explains the criteria used 
for the selection of livestock production systems and regions/countries for the purpose of this study. 
Chapter 3 presents the results of the top-down assessment. This chapter starts with a top-down 
approach, which: 1) briefly describes qualitatively the benefits provided by livestock systems in terms of 
different ecosystem services, and in the case of food provisioning and manure, those benefits are also 
monetized, 2) provides the monetization of the natural capital costs of beef, dairy milk and poultry meat 
production from a global perspective. The top-down assessment also contains a general description of 
the relationship between biodiversity and livestock production systems, and a qualitative analysis of the 
relationship between animal production system and human health. 
In Chapter 4 selected ‘snapshots’ (combinations of region/countries and livestock production system) are 
presented and described in detail. Information on environmental inputs, and negative and positive 
externalities associated with livestock production systems is presented in this chapter. Part of the list of 
externalities has been assessed qualitatively (no indicators available or no info available to quantify the 
indicators), while other externalities have been quantified (i.e. land use) and/or valued (i.e. greenhouse 
gases; blue water use3 and water pollution). For every snapshot, the limitations of intensifying its current 
state is analysed (i.e. by producing in the same livestock production system more outputs with the same 
input). 
Chapter 5 analyses in detail the value of the Maasai Steppe in Tanzania under different scenarios. The 
biodiversity of this region has been used because the region is not heavily populated, the number of 
relevant economic activities now and in the future is limited and the ecosystem is relatively uniform given 
the area taken into account. 
Chapters 6 to 8 contain the discussion, the conclusions, policy recommendations and recommendations 
for future research.
3 
Water use is often split into green water, blue water and grey water. The blue water footprint refers to the volume of surface and groundwater 
consumed (evaporated) as a result of the production of a good; the green water footprint refers to the rainwater consumed. The grey water 
footprint of a product refers to the volume of freshwater that is required to assimilate the load of pollutants based on existing ambient water 
quality standards (see Mekonnen and Hoekstra, 2010)
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2 Methods and data
2.1  Overview of the methodology
The methodology followed in the analysis is based on the TEEB framework as described in chapter 1. This 
is a very comprehensive framework. To assess all the aspects it covers and how they interrelate would 
require a wide set of data. In many regions of the world these data are not available or only to a limited 
extent and are of poor quality. This implies that not all relationships can be analysed to the same degree. 
Section 2.2 will provide an overview of the degree to which relationships have been analysed. The TEEB 
framework is in the centre of the methodology as depicted in figure 2.1.
TEEB framework
Overiew of agro-eco-food 
system linkages
Top-down qualitative 
assessment
Ecosystem quality
One health
Snapshot descriptions
Livestock systems 
description and 
specific data
Bottom-up qualitative 
assessment
Top-down valuation
General data - Global coverage
Hotspot analysis, costs and 
benefits of livestock commodities
Bottom-up valuation
Specific data- Regional coverage
Farming system analysis, costs 
and benefits of livestock systems
Pastoralism in Tanzania
case study
Region analysis, valuation of 
natural capital for land use 
change scenarios
Figure 2.1  Overview of methodologies used to assess the impact of livestock production systems on socio-economic systems 
and ecosystems. We used the TEEB framework developed in 2014 which has be further developed in the meantime 
as TEEBAgriFood2015 framework.
As figure 2.1 shows, the valuation of costs and benefits derived from livestock can be approached in two 
ways. The top-down approach is a high-level analysis that identifies key geographical hotspots and 
material natural capital impacts, by building on Trucost’s Environmentally Extended Input Output (EEIO) 
model and by using country-specific and/or global data (Trucost, 2016). The result of this analysis is a 
valuation for the production of each commodity at a country level, with no differentiation between 
farming systems. This type of analysis also makes it possible to determine the impact of livestock sectors 
worldwide. In this sense, a top-down approach can be informative for decision-making with a large 
geographical scope. The bottom-up approach goes into more detail. As a more detailed analysis, a set of 
livestock production systems for poultry, beef and dairy has been selected and described. These are 
called snapshots. Data are collected and used in the analysis to monetize the economic, social and 
environmental values and impacts of the different livestock production systems. A bottom-up approach 
can be the foundation for decision-making within a specific geographical scope. 
By combining both analytical approaches, policy-makers can get an understanding of the externalities 
associated with livestock systems at a global level, and at the same time gain deeper insight in particular 
areas of interest. The top-down approach methodology is described in section 2.3 and the bottom-up 
approach methodology in section 2.4. The rationale for the selection of the snapshots is described in 
section 2.4.7. Furthermore, a comparison between the top-down and the bottom-up approach is made in 
section 2.5. 
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2.2 Scope overview
This study provides insights into the relationships between different livestock production systems, human 
systems, ecosystems and biodiversity in different countries. In order to do this, we map, visualize and 
valorize the use of natural capital inputs, and assess the negative and positive externalities4 of livestock 
production systems.
 
Figure 2.2 presents the relation between the scope of this study and the TEEB framework. The frame-
work shows the sub-systems (human, livestock, ecosystem and atmosphere) and how they are linked 
together.
a  On a global scale: A top-down approach that 1) briefly describes qualitatively and also values a 
selection of benefits provided by livestock, 2) values a wide set of impacts using an input-output 
model and natural capital valuations, obtaining the natural capital costs for different livestock 
commodities (greenhouse gas emissions, air pollutants, water consumption, water pollutants, soil 
pollutants and land-use change), 3) reviews qualitatively the interactions between livestock and 
biodiversity, and 4) reviews qualitatively the interactions between animal health and human health. 
b  On a regional scale: A bottom-up assessment of ten livestock systems from different regions and 
with different levels of intensity, with three levels of analysis. 1) Monetary valuation of greenhouse 
gas emissions, water pollution and dependency on blue water for all selected livestock production 
systems, 2) a quantitative assessment of other linkages where the conceptual model is known and 
quantitative information is available, and 3) a qualitative review of the issues where a conceptual 
model is known but quantitative information is lacking. 
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Figure 2.2 Scope of the assessment (adapted from Hussain and Miller, 2014)
4 
  Using the terminology specified in the TEEB AgFood Valuation Framework (as presented in chapter 3 of TEEB, 2015), these dimensions represent 
invisible flows within the Eco-agri-food complex. In the specific, negative and positive externalities are invisible flows going from agricultural 
systems to both ecosystems and the human system, while certain natural capital inputs or dependencies (such as blue water dependency) are 
invisible flows going from ecosystems to agricultural systems. Please note that, alongside invisible flows, visible flows were also analysed, such as 
food and raw materials. Visible flows are those normally accounted for in systems of national accounts and business accounts.
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Furthermore an in-depth case study looks at natural capital-human systems linkages for one of the 
selected livestock production systems (pastoralism in Tanzania) in a holistic manner and is not represen-
ted in figure 2.2. This analysis quantifies many dependencies on ecosystem services simultaneously and 
looks at local externalities using a time-explicit model. The in-depth case study is an example of how a 
detailed bottom-up valuation can show the invisible value of natural capital to the human economy in a 
given region.  
Table 2.1 provides a more concise description of the scope of the overall study, split by top-down and 
bottom-up approaches, and how each of the categories has been analysed (qualitative, quantitative and 
monetized). 
Table 2.1 Scope of the assessment for the top-down and bottom-up by type of analysis
Not valued Qualitative Quantitative Monetized
Top-down • Food quality
• Food security
• Breeding
• Fertilizer
• Machinery
• Pesticides and
drugs
• Bio-technology
• Labour
• Decomposition
• Raw materials1
• Agro-tourism1
• Cultural
heritage1
• Zoonosis
• Antibiotic
resistance
• Genetic
variability1
• Water
purification1
• Moderation
of extreme
events1
• Erosion
prevention1
• Pollination1
• Pest control1
• Carbon fixation1
• Habitat
encroachment1
• Species
reduction1
• Soil erosion1
• Soil creation1
• Nutrient
recycling1
• Food1
• Manure1
• Water irrigation
• Land use
• Water pollution
• Soil pollution
• Pollution
(air pollutants)
• Climate
(GH Gemissions)
Bottom-up • Food security
• Biotechnology
• Moderation of
extreme events
• Pollination
• Soil creation
• Decomposition
• Raw materials
• Agro-tourism
• Health effects
food
• Zoonosis
• Antibiotic
resistance
• Cultural heritage
• Breeding
• Machinery
• Pesticides and
drugs
• Labour
• Genetic
variability
• Water
purification
• Erosion
prevention
• Pest control
• Carbon
sequestration
• Soil erosion
• Fertilizer (as
part of nutrient
balance)
• Manure
• Nutrient
recycling
• Land use
• Species
reduction
• Habitat
encroachment
• Food
• Water irrigation
• Water pollution
• Climate
(GH Gemissions)
1 
Analysis limited to capturing the benefits at a high level (not at a country level and/or for all producing countries).
Finally, developing qualitative and quantitative indicators is often complicated because specific knowledge 
or data are lacking. 
In the case of the bottom-up approach, to compare the different systems, similar basic data are needed, 
which are not always available. This problem is solved to a great extent by making use of the basic data 
and assumptions of the GLEAM model of the Food and Agriculture Organization of the United Nations 
(FAO) (MacLeod et al., 2013; Opio et al., 2013). Figure 2.2 depicts the fields which could not be quantita-
tively or qualitatively evaluated in this study. 
In the case of the top-down approach, Trucost’s EEIO model was used to quantify impacts on natural 
capital (Trucost, 2016). This model is built through a compilation of a wide range of data sources, such 
as life-cycle assessment studies, international databases with global coverage or company disclosures 
amongst others.
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Some aspects were only described qualitatively in the top-down assessment, in the bottom-up assess-
ment for the ten snapshots, or in both, as shown in figure 2.2 and table 2.1. This is a case of many 
supporting, regulating and cultural ecosystem services5 provided by livestock systems, but also inputs for 
livestock production and health effects inherent to livestock systems. 
2.3  Top-down approach 
As mentioned previously, different elements that express the relationship between livestock systems, 
human systems, and ecosystems and biodiversity were analysed from a top-down perspective. Section 
2.3.1 describes the methodology used to identify those relationships, with particular focus on impacts 
from livestock systems on ecosystems and human health due to environmental drivers (resource use and 
pollution) which are translated into costs; and on the different benefits provided by livestock in terms of 
ecosystem services. Section 2.3.2 focuses on the effects of livestock systems on biodiversity. Section 
2.3.3 provides the approach used to determine the effects of livestock systems on human health, due to 
the consumption of livestock products.
2.3.1 Top-down valuation
2.3.1.1 Methodological framework of the top-down approach 
Natural capital costs
The assessment in monetary terms of the impacts on natural capital by livestock systems resulting from 
resource use and pollutant emissions is expressed by the term ‘natural capital costs’. Trucost has develo-
ped an approach that quantifies natural capital impacts in physical terms (cubic metres of water con-
sumption, tonnes of emissions and hectares of land converted), and then converts the results into 
monetary terms (2015 US dollars). Valuing impacts on natural capital using a single metric makes it 
possible to identify hotspots and prioritize impact reduction efforts. The following sections describe the 
methods applied for the quantification and valuation (or monetization) of natural capital impacts. The 
natural capital costs included in this assessment are not captured by market forces, and are therefore 
considered negative externalities or invisible costs.
Quantification
Trucost’s Environmentally Extended Input Output (EEIO) model was used for the top-down approach 
(Trucost, 2016). This model quantifies natural capital impacts at the farm level (direct model) and 
through its upstream supply chain6 (indirect model). This makes it possible to analyse impacts split by 
stage in the value chain, therefore providing visibility of supply chain impacts which are normally hidden. 
The assessment of direct natural capital impacts was as country-specific as possible, and the assessment 
of the supply chain impacts was based on global average factors. While livestock farm production is very 
location specific, supply chain activities involve sourcing inputs from different locations across the world. 
However please note that the economic interaction between sectors is constructed from supply and use 
tables published by the United States Department of Commerce, Bureau of Economic Analysis (BEA, 
2015). The inter-sector relationships of the US economy were assumed to be representative of other 
countries globally.
Valuation
Valuation is the process of transforming physical quantities into monetary values using environmental 
valuation techniques. This step enables the quantification in monetary terms of the damage caused by 
pollution or natural resource extraction. The valuation framework used is based on an integrated bio-
physical and economic model, which follows a methodology proposed by Keeler et al. (2012). The 
biophysical model includes identifying the endpoint (for example, human population) and the change in 
5 
  Ecosystem services are ‘the direct and indirect contributions of ecosystems to human well-being’ (de Groot et al., 2012).
6  
Upstream supply chain includes business activities that supply goods and services to farms, such as feed for animals, fertilizers or antibiotics. 
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valued attribute (for example, decreased human life expectancy) as a result of a change in physical 
conditions (such as an increase in the concentration of a pollutant in the atmosphere). The economic 
model involves identifying the valuation approach to assess the change in valued attribute (for example, 
willingness to pay to increase life expectancy). In this sense, the valuations reflect the damage on 
different endpoints: the damage to ecosystems and/or the damage to human health. For more informa-
tion refer to Trucost (2016). 
A top-down approach was used for the valuation exercise. This approach consists of creating a global 
valuation function that can be applied to specific locations. Benefit transfer, or value transfer, is an 
underlying principle of this approach. According to Brander (2013), ‘value transfer is the procedure of 
estimating the value of an ecosystem service of current policy interest (at a “policy site”) by assigning an 
existing valuation estimate for a similar ecosystem elsewhere (at a “study site”)’. Value transfer techni-
ques were applied to create country-specific valuations. Similar to the quantification phase, the valuation 
of direct natural capital impacts was as country specific as possible, and the valuation of the supply chain 
was based on global average factors. 
Table 2.2 shows the global average natural capital valuation coefficients for each impact covered in the 
analysis, providing insight on the magnitude of the different impacts. Once the valuation coefficients 
were obtained per country, global average coefficients were determined by calculating a weighted 
average by purchasing power parity GDP using World Bank data (World Bank, 2015b). This was done for 
all the natural capital impacts except for the GHG emissions. The reason is that a rise in temperature in 
the atmosphere is expected to have a global impact, independent of location, and thus the valuation 
coefficient for GHG emissions is inherently global. Table 2.3 provides the range in country valuation 
coefficients for each impact, except for GHG emissions. The variation amongst countries for the valuation 
coefficients depends on different parameters. For example, in the case of air pollutants population 
density drives the change in the valuation coefficients; while for water consumption water scarcity and 
access to water – amongst other parameters – drive the change in the coefficients. More than 190 
countries were included in the analysis with highly variable population densities, and consequently, high 
variability in the valuation coefficients for air pollution. For example, in the case of air pollutants, 
Singapore - with a valuation coefficient of 123,524 US$/tonne for NOX- has a population density of 
approximately 4,000 times higher than Mongolia - with 29 US$/tonne for NOX.
Table 2.2 Global monetary valuation coefficients for natural capital impacts monetized 
in the analysis (in 2015 US$ per unit)
GHG emissions7 (US$/tonne) Air pollutants (US$/tonne) Water consumption 
(US$/thousand m3)
CO2 CH4 N20 NH3 SO2 NOx VOCs PM10
128  3,200 38,148 4,390 2,730 3,051 6,210 13,918 45
Water pollutants (US$/tonne)8 Soil pollutants (US$/tonne)9 Land use change 
(US$/ha)10
11,552 16,520 1,164
Source: Own calculation, Trucost (2016). Please see Trucost (2016) for sources and methods used.
7
Social cost of carbon, using the 95th percentile estimate for a 3% discount rate (USIAWG, 2013).
8
Average value for nitrogen, nitrate, phosphate and phosphorous.
9
 Average value for 65 pesticides.
10 
Land-use values are determined considering ecosystem services provided by different types of ecosystems specific to each country.
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Table 2.3 Range for the monetary valuation coefficients for natural capital impacts mo-
netized in the analysis (in 2015 US$ per unit)
GHG emissions (US$/tonne) Air pollutants (US$/tonne) Water consumption 
(US$/thousand m3)
CO2 CH4 N20  NH3  SO2 NOx VOCs PM10
n.a. n.a. n.a. 42-177,710 26-110,527 29-123,524 893- 9,171 133 - 563,444 6 - 1,175
Water pollutants (US$/tonne) Soil pollutants (US$/tonne) Land use change 
(US$/ha)
2,299 -52,136 3,043- 34,812 22 - 7,127
Source: Own calculation, Trucost (2016).
A more detailed description of Trucost’s EEIO model and the different valuation methodologies is descri-
bed in Trucost (2016). 
Natural capital benefits
Livestock systems produce a range of potential benefits in terms of ecosystem services, some of which 
are internalized in the market (visible benefits such as food), and some of which are not (invisible 
benefits or positive externalities such as pest control). This implies that only part of the benefits provided 
by livestock is visible to society and to the economy, with a wide range remaining invisible for 
decision-making. 
The most obvious benefits of livestock systems relate to the provision of food and manure, which have 
been partially assessed in this analysis in a quantitative manner. Food provisioning services were valued 
based on the local retail price of beef and chicken meat, and milk, available on the market in selected 
countries. Manure production for use as fertilizer was valued based on the retail cost of chemical fertili-
zers required to deliver an equivalent quantity of nitrogen, phosphorus and potassium as is contained in 
beef, dairy and poultry manure. Other positive benefits arising from livestock production systems were 
assessed qualitatively based on a limited review of relevant published literature. This includes an assess-
ment of the positive effects of livestock systems on provisioning, regulation, supporting and cultural 
ecosystem services. 
2.3.1.2 Scope and objectives of the top-down approach 
The top-down approach was developed for beef, dairy milk and poultry meat production. The analysis 
provides an indication of some benefits provided by livestock sectors and it also determines the costs 
associated with livestock sectors. 
The top-down approach: 
• Summarizes important benefits provided by livestock systems in terms of ecosystem services;
•  Compares the costs on natural capital in both absolute terms (expressed in million US$) and in 
relative terms (expressed in US$/kg protein produced) for the selected three livestock products (beef, 
dairy and poultry meat); 
•  Identifies which are the most material natural capital costs that have been considered in the study 
and which are the geographical hotspots worldwide;
•  Assesses the contribution to the natural capital cost of farming operations versus supply chain operati-
ons (upstream);
•  Provides contextualization for the selected snapshots.
Natural capital costs are calculated considering the impacts from the production inputs to the farm gate. 
Those impacts have been split by supply chain impacts (upstream) and operational impacts (farming), 
and cover six categories: GHG emissions, air pollutants, water consumption, water pollutants (from 
fertilizer application), soil pollutants (from pesticide application) and land-use change. Total natural 
capital costs of the selected livestock sectors worldwide were determined considering all producing 
countries for each of the sectors (over 190 producing countries). FAO data was used to identify producing 
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countries and respective production quantities (FAO, 2015a). Downstream supply chain impacts, from the 
farm gate to the end consumer, are not included in the scope of the analysis. Due to the high level of 
coverage, a differentiation between farming systems has not been included in the top-down approach 
and has been captured as part of the analysis conducted in the different snapshots. In order to identify 
the commodity that provides the greatest amount of protein with the least environmental impact, natural 
capital costs were normalized by the protein content of each commodity. Average protein contents were 
considered for poultry meat, beef and dairy milk. In particular, 19% was used for poultry meat and beef 
(Lawrie and Ledward, 2006), and 3.3% for dairy milk (de Vries and de Boer, 2010). Natural capital 
intensities were determined at a country level by dividing the country-specific natural capital cost 
(operational and supply chain costs) by the amount of protein produced per country for each livestock 
commodity. 
In the case of benefits, the quantitative analysis was limited to the valuation of the provisioning of food 
and manure as organic fertilizer. These provisioning services were valued on the basis of the retail 
market price of the food produced, or an equivalent quantity of chemical fertilizer in the case of manure 
production. This approach is consistent with TEEB’s recommendations (Pascual et al., 2010), which 
suggest market price-based approaches as a valid method of valuing provisioning services. Other bene-
fits were analysed qualitatively based on a limited review of the available literature. 
Table 2.4 outlines the scope of the valuation for each cost and benefit associated with livestock produc-
tion included in the analysis (monetized only, through the use of valuations), while table 2.5 highlights 
the key inputs, outputs, costs and benefits provided by animal husbandry systems that have been 
included in the top-down approach (monetized or assessed qualitatively). Further benefits provided by 
livestock that have been assessed qualitatively, such as draught power or weed control, are described in 
section 3.1.2.
Table 2.4 Natural capital costs and benefits that have been given a monetary value in 
this analysis
Natural capital costs Scope of the valuation
GHGs (from energy and non-energy sources) Multitude of impacts, including but not limited to, changes in net agricultural 
productivity, human health and property damages from increased flood risk. 
The GHGs considered in this analysis include carbon dioxide, methane and 
nitrous oxide. The social cost of carbon, in 2015 USD, used in this study is 
US$128 per tonne CO2 (USIAWG, 2013).
11
Air Pollutants The impacts of air pollutants on human health are captured in this valuation. 
This includes impacts from the emission of SOx, NOx, PM10, VOCs and 
ammonia from sources such as fuel use, fertilizer application, pesticide 
application and manure application. 
Water pollutants (from fertilizer application) Eutrophication impacts on ecosystems and human health, associated with 
algal blooms and drinking water quality. This valuation includes the impacts 
from the emission of nitrogen, nitrates, phosphates and phosphorus. 
Soil pollutants (from pesticide application) Soil pollutants have toxic impacts on human health and ecosystems. This 
valuation includes the impacts of over 60 pollutants, including pesticides 
such as atrazine, herbicides such as Diuron and fungicides such as Folpet.
11
 A social cost represents the cost to society as a whole resulting from an action, in this instance, the emission of carbon. According to USIAWG 
(2013), ‘the Social Cost of Carbon is an estimate of the monetized damages associated with an incremental increase in carbon emissions in a 
given year’. 
12
 In the case of land use, in the top-down approach all ecosystem services were assumed to be lost due to farming practices, while this could be 
refined with future research as livestock does not necessarily imply the loss of all ecosystem services, and in some instances it could enhance the 
provision of certain ecosystem services. As an example, chapter 5 describes a case study in Tanzania which shows that the provision of certain 
ecosystem services can be encouraged through pastoralism systems.
table continues on following page
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Natural capital costs Scope of the valuation
Water consumption Water consumption valuation includes the impacts on human health and 
ecosystems. The unit of measurement for human health impacts is disability 
adjusted life years (DALYs) and affected net primary productivity (NPP) in 
the case of ecosystem damage. 
Land-use change This values the ecosystem services lost from the conversion of natural 
ecosystems to agricultural land. Trucost has calculated the country-specific 
distribution of several global ecosystems, as well as the global average 
value for the ecosystem services each one provides. This allows Trucost to 
calculate the average ecosystem value, per hectare, in each country.12 
Natural capital benefit Scope of the valuation
Food provisioning Provision of poultry meat, beef and dairy milk. The valuation captures the 
benefits that the provision of those commodities represent to society, as 
market prices are used.
Manure provisioning Provision of nutrients to the soil. The valuation captures the benefits that 
the application of manure to soil represents to society, as market prices are 
used. 
Table 2.5 Key inputs, outputs, costs and benefits of animal husbandry systems included 
in the top-down approach
Input Output Costs (-) or 
benefits (+)
Ecosystem service 
influenced13 
Type of 
assessment
Water use N/A Water depletion (-) Diverse Monetized
Energy use N/A GHG emissions (-) Diverse Monetized
Energy use N/A Air pollution (-) Regulating 
(air quality)
Monetized
Fertilizer application N/A Water pollution (-) Diverse Monetized
Pesticide application N/A Soil pollution (-) Diverse Monetized
Land use N/A Land-use change (-) Cultural, Regulating and 
Provisioning
Monetized
N/A Food (dairy milk, beef 
and poultry meat)
Provision of food (+) Provisioning  
(food)
Monetized14
N/A Raw materials (animal 
manure)
Provision of raw 
materials (+)
Provisioning (manure) Monetized15 
N/A Eco/Agro-tourism, 
amongst others
Recreation (+) Cultural  
(recreation)
Qualitative
N/A Soil carbon 
sequestration amongst 
others
Climate regulation (+) Regulating  
(climate regulation)
Qualitative
2.3.1.3 Key data sources of the top-down approach
In the top-down analysis, natural capital costs were determined considering the producing countries for 
each sector. As mentioned previously, FAO data was used to identify producing countries and associated 
production quantities worldwide (FAO, 2015a). A wide range of consolidated data sources were used both 
in the EEIO model (such as life-cycle assessment studies or company disclosures) and for each valuation 
13 
For more information, see Trucost (2016). 
14  
Assessed quantitatively for a sample of countries: USA, Brazil and China.
15 
Assessed quantitatively for the USA.
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methodology (such as environmental economics publications and internationally recognized databases). 
The detailed data sources used in the top-down approach, for both the valuation methodologies and 
Trucost’s EEIO model, are described in detail in a separate report (Trucost, 2016).
In order to value the benefits provided by livestock, data from the Chinese Ministry of Agriculture (MOA, 
2015), USDA (2015), and Instituto de Economia Agrícola (2015) was used to determine the retail price of 
livestock commodities. The benefit of manure provisioning was valued based on the retail price of the 
chemical fertilizers required to replace the nutrient content of the manure. In order to do that, the 
nutrient content of beef, dairy and poultry manure was estimated based on Brown (2013), and the retail 
price of various chemical nitrogen, phosphorus and potassium fertilizers was sourced from the USDA 
(2013) and inflated to 2015 prices based on the World Bank (2015b). 
2.3.1.4 Limitations of the top-down approach
There are inherent limitations to the use of a top-down approach. This part of the study relies on national 
output data from which natural capital impacts are derived at a country level. This implies that in diffe-
rent instances country averages were used. For the purpose of a high-level assessment at a country 
level, the use of country averages can be considered an appropriate technique. In addition, the top-down 
approach does not attempt to capture intra-national differences in impacts, or differences between 
specific technologies and farming practices. Trucost recognizes the existence of intra-national differences 
and the fact that local conditions are relevant when granular analysis are undertaken. However, calcula-
ting all impacts from a bottom-up perspective covering all producer countries worldwide would not be 
feasible from a resources and timing perspective. These results are therefore strengthened by the 
bottom-up analysis and the use of primary data for identified key locations. 
General limitations regarding the natural capital valuations used in the top-down approach are described 
below in table 2.6. Those limitations are related to aspects such as the aggregation of data, the exclusion 
of specific costs and benefits, or the use of value-transfer techniques. Specific limitations for the different 
valuation methodologies, such as water consumption and eutrophication, appear in Trucost (2016).
Table 2.6 Summary of limitations for the valuations applied in the top-down approach
LIMITATION EXPLANATION
Aggregation of data In some cases, components of valuations which represent impacts on different 
receptors, such as human populations, are aggregated and use different valuation 
techniques. The individual components of valuations may or may not be directly 
comparable, but the methodology applied is consistent across the different impact 
categories and to each unique receptor.
Exclusions Some natural capital costs have been excluded on the basis of materiality or data 
availability. Please see the relevant methodology sections in Trucost (2016) for 
further information. In addition, benefits are covered only briefly and mainly assessed 
qualitatively.16
Scope The assessment is limited to impacts from the production of inputs to the farm gate. 
Impacts associated with further post-farm gate processing and consumption are not 
assessed.
Static Valuations are adjusted using inflation rates applied at a specific point in time.
Value transfer Value transfer was used to assess the impacts on ecosystems and human health. Value 
transfer techniques inherently imply a degree of uncertainty when compared to primary 
valuation techniques (Brander, 2013).
16
 In the case of benefits, the provision of manure was captured only for the USA to give an indication of this key service derived from livestock. 
The USA was selected as an example as it is a key contributor to the natural capital cost worldwide for the three selected commodities and 
data availability is high for this country compared to other key contributors. In the case of costs, water pollution and soil pollution were only 
captured for the production of feed within the supply chain, therefore outside the farm. Thus, water pollution from manure application on 
livestock farms was not part of the analysis and is included in the bottom-up chapter.
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2.3.2 Biodiversity 
Relationships between livestock production systems and biodiversity were included using a literature 
review. The included studies looked at impacts through habitat loss, grazing pressure, pollution, feed 
production and greenhouse gas emission, but also included some positive relationships as a result of the 
protective effects of livestock grazing. Given the time limitations and the broad scope of the topic it was 
not possible to perform a full systematic review of the relations between livestock production and 
biodiversity. 
2.3.3 Animal and human health
The assessments are based on literature research and indicators are qualitatively assessed. 
2.4  Bottom-up analyses
The top-down approach is complemented by a bottom-up approach, which uses as much local data for 
the impact assessment and valuation as possible. The methodology and data sources for the bottom-up 
analyses are described in detail in the separate publication (True Price, 2016), and here we provide a 
brief summary of the methodological framework.
2.4.1 Methodological framework for impact assessment and valuation
The definition of natural capital follows the approach described in the System of Environmental Economic 
Accounting (SEEA) 2012 (UN/EU/FAO/IMF/OECD/World Bank, 2014a, 2014b, 2014c) and in particular the 
Experimental Ecosystem Accounting framework. With this approach natural capital assets can be identi-
fied which are ‘the naturally occurring living and non-living components of the Earth, together constitu-
ting the biophysical environment, which may provide benefits to humanity’ (UN/EU/FAO/IMF/OECD/World 
Bank, 2014a).
The valuation method builds upon the framework provided by UNEP’s Inclusive Wealth Reports (UNEP-
IHDP and UNEP, 2014, 2012), the starting point of which is the total wealth of a region. The value of a 
natural capital asset is determined by its contribution to inclusive wealth, representing the present and 
future benefits of an asset to people. When a specific geographical area is selected, the value of natural 
capital can be further differentiated between internal natural capital value, which represents the benefits 
to all local stakeholders within a region, and external natural capital value, which represents the benefits 
to all stakeholders outside of the region.
Negative externalities are valued as natural capital costs because they damage ecosystems services (i.e. 
from clean water supply to climate regulation) and reduce the benefits they provide to humans. In 
addition to negative externalities, natural capital dependencies can also be valued. The dependency of a 
good on a natural capital asset is the contribution of that asset to the value of a good in terms of inclusi-
ve wealth. 
To determine the natural capital impact of a choice, the change in the value of natural capital assets is 
estimated. The choice for inclusive wealth means that the valuations assume that the decision-maker 
aims to maximize inclusive wealth, as its primary goal or as one of its goals. 
The methodological framework developed for the bottom-up analysis of natural capital is derived accor-
ding to the True Price Principles for Impact Measurement and Valuation (True Price, 2016). The under-
lying perspective of the quantitative valuation is that measuring and valuing natural capital can be used 
to inform decisions. The starting point is a decision-maker (such as a policy-maker or a consumer) who 
faces a choice and each choice alternative has a certain impact on the state of the world. To make an 
informed decision three steps need to be taken:
1  The decision problem, and in particular the choice set of the decision-maker, is identified;
2  The impact of the relevant choice alternatives on the state of the world is measured by characterizing 
the system the decision-maker impacts and the consequences of each choice;
3  The impact of each choice is valued, providing a measure of the desirability of each choice alternative 
for the decision-maker.
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The bottom-up assessment is divided in two parts: a valuation of animal husbandry snapshots’ externali-
ties and dependencies on natural capital and a case study on the value of natural capital assets in the 
Maasai Steppe in relation to land conversion.
2.4.2 Bottom-up quantitative impact assessment and valuation of snapshots
The framework is primarily applied to value a few key impacts and dependencies:
1 It is determined which snapshots constitute possible substitutes for a policy-maker and therefore can 
be compared in terms of their natural capital impacts.
2 A quantitative environmental and economic supply chain model is made consisting of the farm and 
feed imports for each snapshot based on local data where possible. The natural capital impacts of 
producing poultry, beef or milk through greenhouse gas (GHG) emissions, water pollution and land 
use are calculated (unless they are immaterial/insignificant). In addition, the dependency of each 
product on blue water is calculated. The natural capital impacts and dependencies are valued (except 
for land use) based on local data wherever possible.
The main methodological aspects of each natural capital impact assessed in the bottom-up analysis are 
presented below, with a focus on valuation approach and granularity of data sources. Key data sources 
for the biophysical model of snapshots are presented in section 2.4.3. Data sources with an exhaustive 
explanation of the valuation methods can be found in a separate report (True Price, 2016). 
• GHG quantification is based on the FAO Global Livestock Environmental Assessment Model GLEAM 
(Gerber et al., 2013) and valuation based on the IAWG social cost of carbon (USIAWG, 2013), consis-
tently with the top-down valuation. 
• Water pollution is quantified based on nutrient inputs to land according to the agronomic model of 
the farms in each snapshot. It is valued based on global monetary coefficients of the natural capital 
cost of eutrophication. Global coefficients are used because of lack of time and based on Weidema 
(2009). Water pollution occurring upstream in the supply chain is not included. This is because in 
most cases the largest share of feed is produced on farms. For the rest, the supply chains of the ten 
snapshots extend to more than 20 countries, and a bottom-up assessment of water pollution in all of 
them was not feasible within the scope of this study. 
• Blue water dependency is quantified based on feed production data and valued based on the 
increase in marginal productivity resulting from inputs of blue water and the associated economic 
profit in each snapshot. Local data about yield and input cost from the countries where feed is produ-
ced were gathered through a literature research. The valuation approach was developed combining 
the imputation method (FAO, 2004) and the residual rent method (Thompson and Johnson, 2012). As 
opposed to water pollution, here both farms and supply chains were included, because only a share of 
the snapshots make use of feed produced in irrigated farms.
• Land occupation on farms is quantified based on feed intake per unit of product and the average 
land use of 1 kg of the animals’ ration. Farm supply chains chains are also included in full, using 
country-average crop yields for purchased feed.
All impacts are monetized in 2015 US dollars. Other currencies are converted using purchasing power 
parity (PPP) to correct for exchange market distortion. Land use is not monetized, but a land use change 
model is provided for one of the livestock snapshots (see section 2.4.5 In-depth case study: Pastoralism 
in the Maasai Steppe, Tanzania).
2.4.3 Data sources
The following data was used for the assessment and comparison of the snapshots. Technical parameters 
regarding livestock production, inputs, crop yields and emissions, for example, are largely based on the 
Global Livestock Environmental Assessment Model GLEAM (MacLeod et al., 2013; Opio et al., 2013). For 
the snapshot descriptions, databases available at FAO were used (FAOstat). Data in GLEAM is based on 
FAOstat and other databases. References to the databases used can be found in the References section 
in this report and in the appendices of the reports by Opio et al. (2013) and MacLeod et al. (2013). In 
addition, the Tanzanian snapshot uses the World Bank’s Living Standards Measurement Study-Integrated 
Surveys on Agriculture. This data is supplemented with information from the literature. In addition to the 
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quantitative indicators, several indicators could be assessed only qualitatively on the basis of expert 
knowledge and (grey) literature.
2.4.4 Mean species abundance of original species
In our bottom-up analyses of the snapshots we include an assessment of biodiversity impacts based on 
the ‘mean species abundance of original species’ indicator (MSA), which is used in the GLOBIO3 model-
ling framework (see Alkemade et al., 2009). MSA is a relative indicator between 0 and 1 that relates 
population sizes of species occurring in a location to the population sizes of those species that would 
occur in an unaltered reference situation, which is often indicated as pre-industrial. Basically it is an 
indicator for the naturalness (i.e. the situation without human intervention) in a certain location. Dose-
response functions have been elaborated to relate different levels of anthropogenic pressures to the MSA 
(e.g. Alkemade et al., 2013, 2009; Arets et al., 2014). The indicator has been applied in a scenario 
analysis of a large number of global and regional biodiversity assessments (including Kok and Alkemade, 
2014; ten Brink et al., 2010, 2007). Recently a targeted study has generated specific dose-response 
relations for rangelands with different intensities of grazing and management (Alkemade et al., 2013), 
which has been applied in a global assessment of trade-offs and synergies between grazing intensity and 
ecosystem services in rangelands (Petz et al., 2014a).
By multiplying the area affected by the MSA indicator for the pressures operating in that area, a quali-
ty-adjusted area can be assessed, which can be compared among different regions and/or scenarios. 
Here we estimated the biodiversity footprint based on land use (i.e. a quality-adjusted land occupation) 
based on the land occupation (ha per kg protein) as explained and quantified in section 4.3.4. The 
resulting indicator, MSA.ha (dimension ha), translates the affected area into an area that would lose 
100% of its diversity.
Land-use impacts on biodiversity
The land-use impacts for the different snapshots were quantified in terms of MSA loss for the areas 
needed for grazing (pastures and rangelands) and croplands for feed production. For pastures and 
croplands the cause-effect relations in Alkemade et al. (2009) and Reidsma et al (2006) were used, while 
for rangelands the relations from Alkemade et al. (2013) were applied. The intensity of rangeland grazing 
in the Tanzanian pastoralist snapshot was retrieved from Petz et al. (2014a).
To allow for more differentiation in MSA impacts depending on the intensity of land use, we interpolated 
between the classes based on the snapshot descriptions and discussion within the research team. While 
this possibly does not provide the exact value of the actual impacts, it allows differentiating among the 
intensities of land use in different snapshots. 
The method does not (currently) include recovery of biodiversity at local scales due to specific conserva-
tion management practices in agriculture, although there are a number of initiatives to implement such 
modifications for local assessments in the Netherlands (Reijnen et al., 2010) and Norway (Aslaksen et al., 
2012a, 2012b). Within the scope of this study, however, it was not possible to take such adjustments into 
consideration.
Climate-change impacts
Emissions of greenhouse gases contribute to climate change. The degree of change depends on the type 
of GHG and the time horizon over which the impact is assessed. Subsequently climate change will have a 
global effect, not just a local one. To assess the impact of GHG emissions the following steps are 
followed:
1 Emissions in terms of CO2 eq. are considered on the basis of the information provided in the 
snapshots. 
2 Temperature factors will be used to translate the contribution of 1 kg of CO2 to the increase of global 
mean temperature (GMT) for different time horizons (Hanafiah et al., 2012). These factors are 
8.5 · 10-15 °C yr kg-1 CO2 for a 20-year time horizon, 4.2 · 10
-14 °C yr kg-1 CO2 for a 100-year time 
horizon and 5.9 · 10-13 °C yr kg-1 CO2 for an infinite time horizon.
3 The dose-response function from GLOBIO3 determines the MSA effect of increasing GMT (figure 2.1 
Arets et al., 2014). 
4 The impact of GHG emissions is considered to affect the total global area of (semi) natural habitat. 
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This area, based on the reference scenario in Kok en Alkemade (2014), was 9.06·107 km². This 
translates to a loss of 0.0329MSA.ha per Gg CO2 emissions for a 100-year time horizon. 
2.4.5 In-depth case study: Pastoralism in the Maasai Steppe, Tanzania
In addition, the framework is applied to value the impact of land conversion in the Maasai Steppe, an 
important region in Tanzania for livestock production:
1 The case is interesting to policy-makers as it is assumed that they have some policy options to 
influence the rate of land conversion from natural land to farmland;
2 The impact of land conversion on the ecosystem services provided in the region is estimated based 
on a model of the Maasai Steppe and the local economy supported by it; and
3 The value of natural capital to local stakeholders is estimated under various land conversion scena-
rios. In addition, the value of carbon stocks to global stakeholders is estimated.
This analysis focuses mainly on the internal natural capital value. An important part of the model is that 
the size of future benefits depends on the sustainability of production practices. To avoid double coun-
ting, the valuation scope only includes final ecosystem services (as opposed to intermediate), which are 
those services that create direct value for humans (see table 2.7). 
Table 2.7 Landscape level valuation factors
Category Ecosystem benefits Unit Value(*)
Crops and livestock Beef and cow milk (pastoralism) $/animal/year  98
Goat milk (pastoralism) $/animal/year  9
Livestock (farming, various animals) $/animal/year  103
Crops (maize and beans) $/ha/year  220
Animal skins and hides $/animal/year  0,05
Traded products Honey and beeswax $/harvesting household/year  400
Gum $/harvesting household/year  105
Medicinal plants $/inhabitant/year  6
Subsistence Wild foods $/inhabitant/year  0,86
Drinking water $/inhabitant/year  25
Fuelwood, poles, thatch, charcoal $/inhabitant/year  22
Tourism revenues $/visitor/year  94
(*) Values as expressed here are further attributed to ecosystem services by correcting for human inputs (such as labour or agricultural inputs) that 
are required for value creation. See True Price 2016, Part III for attribution methodology.
This is consistent with the general framework that puts the total wealth of a region central. Crops and 
agricultural products are also included, consistent with a natural capital accounting approach (UN/EU/
FAO/IMF/OECD/World Bank, 2014c). Intermediate ecosystem services, such as soil fertility or pollination 
are therefore included by valuating their indirect benefits (i.e. crops and livestock).
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An important characteristic of the approach followed in this study is that it distinguishes the contributions 
of ecosystems to value creation from the contributions of other inputs such as labour and agricultural 
inputs. This attribution approach, based on ratios between shadow prices of inputs, allows comparisons 
of the ecosystem services derived from natural ecosystems with those from agricultural and managed 
ones.
 
Finally, the value of ecosystem benefits is estimated using value transfer according to the guidelines by 
Brander (2013). In each step, the analysis uses as much local data as possible and otherwise uses data 
from comparable regions, such as other parts of Tanzania or the Maasai region in Kenya. This avoids the 
uncertainty related to the transfer of value from very different contexts. As this form of valuation is data 
intensive, the analysis is undertaken only for the Maasai Steppe in Tanzania.
The method and data sources used for this analysis are comprehensively illustrated in True Price (2016).
2.4.6 Limitations
The bottom-up impact assessment and valuation makes use of country-specific data and individually 
modelled farms. Although it offers a high level of detail, this approach also has some limitations.
• The scope of valuation is partial. Although the descriptions of the snapshots and the qualitative 
assessment do cover a broad range of natural capital-livestock linkages, the impacts that could be 
quantified and monetized are limited to a smaller set. Although this in no way influences the reliability 
of the results, it is important to keep in mind that other aspects (human health risk, for example, or 
soil degradation) should also be considered when drawing conclusions.
• The focus is on one type of benefit. Livestock is mainly kept for food provision, and therefore 
animal protein was chosen as the functional unit for this assessment. However, there are other 
benefits that humans derive from animal husbandry, which are overlooked if we limit our scope to the 
ratio between external costs and food output. Animal traction and the use of manure as fuel or as soil 
amendment could also be assessed monetarily from the bottom-up. The same holds for the quality of 
food produced, as contribution to human health could also be included in the assessment of invisible 
benefits. Including into the picture these other benefits, in addition to the production of animal 
protein, would result in a more complete assessment but introduce many methodological challenges, 
related to the choice of a functional unit and system boundaries.
• Comparability is limited. The bottom-up valuation quantitatively assesses and compares ten 
livestock snapshots. The results are expressed in the same unit ($/kg of protein) and compared. 
However, the snapshots capture livestock systems in very different contexts and climates, with their 
own economic and ecological constraints, and the systems are not necessarily substitutes of each 
other. This implies that the environmental performance of snapshots cannot always be ranked or 
compared directly. Therefore, when the results are presented extra attention is given to comparison of 
snapshots that are to an extent producing substitutable products. Extending the valuation to a larger 
set of snapshots would make it easier to generalize the results.
•  System boundaries differ. Because they rely on different models and the availability of regional 
data, system boundaries are not exactly the same for each natural capital aspect valued. For example, 
feed production is excluded for water pollution, and GHG emissions also include post-farm transport 
and processing. Land use and blue water dependency have the same system boundaries.
2.4.7 Snapshot selection of livestock production systems
As TEEB requested an analysis of livestock production systems, it is important to select relevant systems 
fulfilling the requirements set in the terms of reference and described in section 1.1. The selected 
systems we will analyse with a bottom-up analysis are called snapshots.
Within livestock production systems we selected:
a Beef systems. Beef systems are farms where large ruminants are kept for meat production only, and 
where no or little milk is used for own consumption, nor is it marketed. All emissions and natural 
costs are allocated to beef production only.
b Dairy systems. These are livestock production systems that focus mainly on the production of milk. 
In our study, dairy systems are farms where large ruminants are kept and where milk is produced for 
a market, providing a regular income to the farm, even when the milk is not the main component of 
the farm income and cattle also have a role as draught animals and as an asset (capital value of the 
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cow). Dairy systems can be highly specialized, but also non–specialized, and mixed arable-livestock 
systems are considered as dairy in this study. In the dairy systems, the emissions and the natural 
costs are allocated to milk and meat. Beef is also produced in these systems if animals are culled. 
c Poultry systems. Poultry systems can produce eggs and meat. In this study we focused on backyard 
systems that produce eggs and meat, and on (semi) specialized broiler systems which only produce 
chicken meat. 
Both beef and dairy systems can be mixed systems, where the feed basis of cattle consists of fodder 
crops, crops residues and grass. But these can also be grassland-based systems, where the feed basis is 
grass and where a maximum of 10% of the feed comes from crop production systems. In some regions, 
the latter are also called pastoral systems. Pastoral farmers can travel (transhumance) and can be 
sedentary. The ruminant classification is based on the FAO publication by Seré and Steinfeld (1996), 
which is used in many livestock studies. The livestock system description has been extended to other 
animal types by Robinson et al. (2011). 
The criteria to make a choice among possible snapshots (combination of livestock production systems 
and countries or regions) within countries are the following: 
1 Global food pattern: pork is often not consumed in many places in the world. So pork has been 
excluded in this study. 
2 Importance and representativeness of the livestock production system on a global scale. Wint and 
Robinson (2007) and Robinson et al.(2011) are used to identify the most important regions in the 
world and to characterize the livestock production systems for beef, milk and broilers (see also figure 
1.1).
3 Expected increased demand for animal proteins: Livestock production systems of different intensities 
exist. For beef and dairy this ranges from pastoralist and low-input mixed systems to specialized, 
intensive production systems and for poultry from backyard to large-scale commercial production. 
These systems are based on Robinson et al. (2011) as well, which updates Seré and Steinfeld 
(1996). 
4 TEEB asked us to include pastoralist livestock production systems in Tanzania so as to link with the 
wider TEEB portfolio of work, which includes a TEEB Tanzania Country Study.
5 Comparability: 
a  Can the different indicators for the assessment of each livestock production system be measured 
consistently (expectation about availability of data)? 
b Systems or products are only partial substitutes (price development does not necessarily lead to 
product or production system replacement). 
6 A range of agri-environmental zones have to be covered. Humid systems have different characteris-
tics than systems in arid zones. 
7 Data availability.
Given the above criteria, ten snapshots have been selected (see figure 2.3).
Species **Extensive <-----------------------------------------------------------------------> Intensive
Poultry 1. Tanzania (backyard) 2. Indonesia 
commercial family farm
3. Netherlands industrial broilers
Grassland-based beef 4. Tanzania (pastoralist) 5. India (pastoralist) 6. Brazil (grassland based with 3 
months in feedlots for fattening)
Dairy, mixed systems 7. Tanzania (extensive), 8. India 9. The Netherlands
10. Indonesia
** 
Extensive is defined as using no or low external inputs like feed, labor, antibiotics and intensive is defined as using relative high levels of inputs.
Figure 2.3 Selected snapshots for TEEBAgriFood animal production systems
In poultry we distinguish between two systems: the backyard and the commercial systems (MacLeod et 
al., 2013; Robinson et al., 2011). The backyard systems produce for home consumption and for local 
markets and the feed basis is scavenging, swill and to a limited extent locally produced feed. The latter is 
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often not grown on purpose and is not suitable for human consumption. Backyard systems do not 
specialize in meat or egg production and mainly use local breeds. The commercial systems are 100% 
market oriented, use specialized breeds for meat or egg production and use non-local feed resources. 
Within the commercial systems, there is a range in scales, from a few hundred to tens of thousands of 
animals. The former are often family based, while the latter use hired labour. In our study we focus on 
the broilers as the specialized commercial systems for meat production. For poultry three types of 
production systems have been selected from backyard systems in Tanzania to industrialized broiler 
systems in the Netherlands. The Indonesian poultry family farm is an in-between system that is labour 
intensive and capital extensive compared to the Dutch system. In size these systems are at least 10 
times bigger than the more extensive example 10-30 birds; 5,000 broilers and 50,000 to 100,000 
broilers.
For cattle (beef and dairy) it is a bit more complicated to categorize the livestock production systems. In 
many regions grasslands have been replaced by arable land and mixed systems as a result of a populati-
on increase. Very often these are subsistence farming systems, with hardly any market access. When 
mixed systems get market access, they tend to improve their production by higher inputs and their 
productivity by better management. If there is room, they tend to specialize to dairy. In regions where 
pastoral systems remain, intensification can go via improvement of the feed basis to higher inputs and 
better management. The next step can be a shift from pure grass-based to systems where the fattening 
stock is finished in feedlots. 
Three snapshots have been selected for beef systems as well. Two of these snapshots are pastoralist 
systems in Tanzania and India. Both systems are very extensive in the sense that almost no additional 
inputs besides animals, ‘pasture’ and labour are used. The Brazilian beef system is the most intensive 
system with grazing cows and calves. The beef animals are fattened in about three months before they 
are slaughtered. European beef systems that confine the animals, such as in France and the Netherlands, 
have not been taken into account because these systems were strongly subsidy driven. The EU producti-
on subsidies (slaughter premium per animal) has been replaced by a subsidy per hectare, and the 
intensive beef production almost disappeared in the EU. What is left is intensive veal production (in the 
Netherlands, France and Italy) and extensive, completely grass-based beef production. 
Backyard
Pastoral 
(relatively large scale)
Low input
Pastoral 
(relatively large scale)
High input
POULTRY
CATTLE
Commercial, 
small scale
Mixed smallholders
Low to medium input
Mixed smallholders to 
medium farm size
Medium to high input
Commercial, 
large scale 
(industrial)
Figure 2.4  Possible development pathways for cattle and poultry production systems
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Four production systems have been selected for dairy production. Three of the selected snapshots are 
small-scale farmers in Tanzania, India and Indonesia. Our assumption is that these farmers have five 
cows but operate in different countries and contexts. The Indonesian example is considered to be the 
most intensive one, due to its relatively high input of synthetic fertilizers and concentrates. The Dutch 
dairy farm is an example of intensive dairy farming but still almost all labour is supplied by family 
members and about 80% of the feed is produced on the farm, using a lot of inputs such as fertilizers, 
chemicals, concentrates, artificial insemination, financial capital, machinery and medicine. 
The selected snapshots per species show a ‘natural’ development pathway from extensive to intensive 
production’ (see figure 2.4). It should be noted that the development pathway should be seen as applica-
ble at a broad global or national level. At a local scale this pathway may not apply. For instance, most 
backyard poultry producers will not increase production; they will remain farmers with a few chickens in 
the backyard or will cease production. The increase of production will be achieved by farmers who start 
producing in a more industrial way. These developments are only possible if the total supply chain (feed 
producers, veterinarians, breeders and slaughterhouses) is present, complete and adapted to local 
conditions.   
2.5  A comparison of top-down and bottom-up valuations  
The top-down and the bottom-up valuations are complementary approaches, as they provide answers to 
different questions. The top-down assessment focuses on informing decisions with a large geographical 
scope. It provides information with a broader coverage but a higher level of approximation. The bot-
tom-up assessment, on the other hand, looks at sub-national policy decisions for specific cases. It makes 
use of regional economic and biophysical data and it is therefore limited to natural capital aspects for 
which local data is available or reasonable estimates can be made. A detailed illustration of the differen-
ces and similarities between the bottom-up and top-down valuations can be found in annex B, in which 
bottom-up and top-down methodologies and results are compared.
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The following table shows the key differences and similarities of the top-down materiality assessment 
and the bottom-up assessment of snapshots.
Table 2.8 Key differences and similarities between top-down and bottom-up valuations
Top-down Bottom-up Bottom-up in-depth case 
study: Maasai Steppe in 
Tanzania
Goal • Assess the environmental 
externalities in the 
livestock sector worldwide.
• Identify the most material 
environmental impacts 
and geographical hotspots 
worldwide. Determine the 
contribution of farming 
operations versus their 
upstream supply chain.
• Study a representative 
set of livestock systems 
around the world in terms 
of environmental impacts.
• Understand differences 
due to geographies, levels 
of intensification, input use 
and efficiency.
• Quantify the value of 
natural capital in a region 
where livestock is one 
of the main agricultural 
activities. Compare 
pastoralism with sedentary 
farming.
• Understand the side 
benefits of pastoralism and 
assess the potential costs 
of land conversion.
Natural capital aspects 
valued
• GHG emissions
• Water pollutants
• Air pollutants
• Soil pollutants
• Water consumption
• Land-use change
• GHG emissions
• Water pollutants
• Dependency on blue water 
(Non-monetary: land-use 
and biodiversity change)
• Crop and livestock 
products
• Final ecosystem services
• Change in carbon stocks
Object of assessment • Beef, milk from cows and 
poultry meat
• Pure beef systems, dairy 
systems (meat and milk), 
poultry systems (meat and 
eggs)
• Regional rather than 
sectoral focus.
• Scenarios of land use 
change from pastoralism 
to mixed arable and 
livestock farming
System boundaries • Livestock farming and 
production of inputs 
(upstream supply chain). 
• For soil and water 
pollutants: upstream 
supply chain only.
• Livestock farming and 
production of feed. 
• For water pollutants: on 
farm only.
• For GHG: also other 
inputs, post-farm transport 
and processing
• Within the Maasai Steppe 
(Tanzania), main economic 
activity based on natural 
capital
Natural capital valuation 
methodology 
• The framework is based on 
an integrated biophysical 
and economic model, 
and follows an approach 
proposed by Keeler et al. 
(2012). The valuations 
are mapped to specific 
beneficiaries and show 
the effects on specific 
endpoints.
• GHG Externalities: Social 
Cost of Carbon (same as 
top down)
• Water pollution: based 
on budget constraints 
approach following 
Weidema (2009).
• Blue water dependency: 
imputation method (FAO, 
2004) adjusted with the 
residual rent method 
(Thompson and Johnson, 
2012)
• Value transfer with local 
market prices (PPP 
corrected).
• Carbon stocks: same as 
GHG in top-down and 
bottom-up.
Both assessments consist of two steps: quantification and valuation. Quantification involves modelling 
environmental impacts and dependencies in biophysical terms, and valuation involves the monetization of 
those so that different aspects become comparable. 
The top-down analysis has a broad geographic scope and the bottom-up analysis has a high level of 
granularity for both the quantification and valuation steps (see table A in annex B). In terms of quantifi-
cation the key differences involve the system boundaries, the object of the assessment and the type of 
data sources used. In the case of GHG, the same social cost of carbon is used. For the rest of the impacts 
or dependencies, the valuation methodologies differ and are explained in detail in separate reports 
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(Trucost 2016; True Price, 2016). On the other hand, the in-depth case study on pastoralism in the 
Maasai region is the most detailed case of bottom-up valuation, as it uses all region-specific monetary 
and biophysical values of environmental goods and services. 
An important fact contributing to the disparity in the results is the quantification step. As provided in 
table 2.9, the granularity of data sources used to quantify environmental impacts differs in the top-down 
and the bottom-up.
Table 2.9 Level of detail of input parameters for the quantification of impacts
Top-down Bottom-up
Livestock production 
system-specific data
No differentiation between production 
systems. 
Productivity, use of farm inputs and on-farm 
impacts.
Country-specific data On-farm impacts whenever data is available.
Total volumes of livestock commodities 
produced per country.  
Impacts of feed production in the supply 
chain.
Global data Upstream supply chain impacts (i.e. feed 
production, farm inputs).
Downstream GHG emissions, selected 
modelling parameters (from IPCC).
To guarantee a degree of consistency among the two approaches, the same valuation methodologies for 
natural capital costs from GHG emissions have been applied in the bottom-up and in the top-down 
valuations. 
However, both analyses address the land use change and water footprint impacts, but from a different 
perspective. Both the approaches for land-use change are based on the quantification of land-use change 
related to the expansion of livestock systems and the valuation of ecosystem services provided by the 
land. In the case of water, the two approaches look at two different sides of the issue. The use of water 
by agriculture has an external cost, namely the cost of reducing water availability, and an economic 
value, namely the benefit of using water to increase crop yields. The former constitutes an external cost 
used in the top-down approach, the latter a dependency of farming on ecosystems, used in the bot-
tom-up approach. 
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3 Top-down results
3.1  Top-down approach
3.1.1 Introduction 
The objectives of the top-down approach are: (1) to summarize the benefits provided by livestock 
systems in terms of ecosystem services; (2) to compare the costs of the three sectors on natural capital 
both in absolute terms and per unit of animal protein produced; (3) to identify the most material natural 
capital costs and geographical hotspots worldwide; (4) to assess the contribution of farming operations 
versus their upstream supply chain, and; (5) to contextualize the selected snapshots.17  
This chapter will present the following results: 
Natural capital benefits: The benefits provided by livestock sectors and their link to specific 
ecosystem services is briefly described in a qualitative way in section 3.1.2. This section also 
contains the quantitative assessment of food provisioning services for a sample of countries and 
the quantitative assessment of manure provisioning for the USA.
Natural capital costs: Natural capital costs express in monetary terms the impacts on natural 
capital from livestock production as a result of resource use and pollutant emissions (units in 
US$). Total natural capital costs are determined considering all producing countries in each sector 
and are expressed in million US$ (section 3.1.3). The natural capital cost for the top-five contri-
buting countries and their contribution to the total natural capital cost is highlighted in sections 
3.1.5, 3.1.6 and 3.1.7. Particular attention has been devoted to the key contributing countries 
that were selected for the snapshots. These results broadly illustrate the countries and regions 
where the production of a certain animal commodity is concentrated.
Natural capital intensities: Natural capital intensities are defined as the natural capital costs 
per tonne of protein generated (units in US$ per tonne protein). Global average natural capital 
intensities are provided in section 3.1.4. Natural capital intensities for the top-five contributing 
countries are provided in sections 3.1.5, 3.1.6 and 3.1.7. These results highlight the varying 
efficiency of livestock production systems and the magnitude of the natural capital coefficients 
across countries.
3.1.2 Natural capital benefits
The top-down approach focuses on the natural capital costs of livestock production systems. However, 
livestock systems can provide or enhance a range of ecosystem services underpinning the provision of 
natural capital benefits. The analysis of natural capital benefits is divided into a quantitative analysis 
focusing only on the provision of food and manure as fertilizer, and a qualitative analysis which looks at a 
broader scope of the ecosystem services provided by livestock systems.
17
 When providing context for the snapshots, several aspects have to be taken into account. First, as opposed to the bottom-up approach used in 
the snapshots, the top-down approach does not differentiate between farming systems. Thus, the results of the top-down analysis are expected 
to be in line with the most common farming system of the country for each livestock sector. Second, in the top-down approach, the assessment 
is done at the product level of beef, dairy milk and poultry meat. By contrast, in the snapshots the assessment is done at the production system 
level for pure beef, dairy (producing both milk and meat) and poultry systems (producing meat and eggs). This means that the results of the 
top-down approach and bottom-up approach cannot be directly compared. For a more detailed comparison of the two approaches see annex B.
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Quantitative analysis
Provisioning services
Ecosystems provide the essential conditions for the production of animal feed, and in turn underpin the 
productivity of livestock systems (TEEB, n.d.). Livestock (through meat, eggs and milk) is estimated to 
provide 26% of global human protein consumption and 13% to total calorie intake, whilst providing a 
concentrated source of bioavailable micronutrients (Hoffmann et al., 2014). Livestock also represents an 
important risk mitigation strategy for vulnerable populations, providing both a source of nutrients 
(through manure) and draught power for crop production, as well as an additional source of food and 
income (Thornton, 2010).
The provision of food and raw materials are important services provided by livestock systems. Table 3.1 
and table 3.2 provide the average retail price of meat and dairy products in major producing countries: 
China, Brazil and the USA. For the USA, the estimated fertilizer value of manure produced by livestock is 
also provided. 
Retail prices for the USA represent the average local price for the 2015 calendar year until September 
collected by the United States Department of Agriculture, Economic Research Service (USDA, 2012). The 
retail price for beef (US$12.70 per kg) represents an average of prices for available beef cuts with prices 
ranging from US$9.25 per kg for ground beef to US$18.87 per kg for sirloin steak. The retail price for 
chicken represents the price for boneless chicken breast (US$7.58 per kg). The retail price for milk 
represents the price per litre for fresh whole milk. 
Retail prices for Brazil represent the average local price for the 2015 calendar year until September 
collected by the Brazilian Institute of Agricultural Economics (Instituto de Economía Agrícola, 2015). Beef 
and chicken prices are presented as the average retail price for carne bovina (beef) and Filé de Frango 
(chicken filet), respectively. The retail price for milk represents the average of prices for different milk 
types as reported by the Brazilian Institute of Agricultural Economics (ibid). Prices were reported in 
Brazilian Real and converted to US dollars.
Prices for beef, chicken and milk in China were sourced from the Chinese Ministry of Agriculture (MOA, 
2015). Prices were reported in Chinese Yuan Renminbi (¥) and converted to US dollars. Retail prices for 
chicken, beef and milk represent the average prices reported by MOA (2015) current as at October 2015 
per kilogram of fresh whole chicken, national average beef, and per kilogram of raw milk, respectively.
In table 3.1 and 3.2 prices have been converted to per kg protein to allow comparability with the natural 
capital intensities presented in section 3.1.4.
Table 3.1  Retail price in US$/kg protein 
Country Chicken Beef Milk
China 34,24 53,76 16,95
Brazil 21,81 35,29 31,11
Source: China - MOA (2015); Brazil - Instituto de Economia Agricola (2015).
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Table 3.2  Retail price for chicken meat, beef and milk as well as manure value for the 
USA in US$/kg protein.
 Country Chicken   Beef Milk
Retail price Manure Value Retail price Manure value Retail price Manure value 
USA 39,88 0,67 66,84 7,42 26,58 0,59
Source: Retail prices – USDA (2015), Manure – USDA (2013), Brown (2013) 
Manure production as an organic fertilizer was valued for the USA based on the retail price of chemical 
fertilizers required to deliver an equivalent quantity of nitrogen, phosphorus and potassium as is contain-
ed within a kilogram of manure. The nutrient content of manure was estimated based on Brown (2013) 
and valued based on USA retail fertilizer prices reported in USDA (2013), and inflated to 2015 prices 
based on the USA consumer price index as reported by the World Bank (2015a). Values were then 
converted from US$/kg manure to US$/kg protein by combining the annual manure production for 
broilers, beef cattle and dairy cattle from Brown (2016) with the production of chicken meat, beef and 
dairy milk from FAO (2015a).
Potter et al. (2010) estimate that the application of manure as a fertilizer for crop production provided up 
to 65% of the total quantity of nitrogen, and 63% of total phosphorus, applied globally in 2000. The 
importance of manure as a nutrient source can be even greater in developing countries that have less 
access to chemical fertilizers. Animal manure also provides an important source of energy for rural 
communities, both in its direct use as a biomass fuel and in the production of methane for energy 
through anaerobic digestion. The increasing use of anaerobic digestion offers duel greenhouse gas 
mitigation benefits in the displacement of fossil fuel sources with biogas and the reduction in direct 
nitrous oxide emissions from manure (Gerber et al., 2013). 
Qualitative analysis
Examples of potential positive ecosystem services arising from livestock systems are described briefly 
below for the categories of provisioning, regulating, supporting and habitat, and cultural services.
Table 3.3 provides an overview of the range of possible ecosystem service benefits provided or supported 
by livestock production systems, focusing on grassland grazing systems, mixed rainfed systems, landless 
ruminant production systems, and landless monogastric systems. As explained in table 3.3, those 
services can be realized on short, medium and long-term temporal scales, and at local, regional and 
global spatial scales. 
Provisioning services
Beyond the production of food and materials, livestock production systems offer a range of other provisi-
oning services.
Draught animal power represents an essential energy resource for agricultural work and transport in 
many countries, and is sometimes the only feasible energy source in some mountainous and inaccessible 
areas (Hoffmann et al., 2014). FAO projections of the use of draught animal power in 2030, presented in 
Hoffman et al. (2014), range from 30% in sub-Saharan Africa to 10% in the Near East and North Africa, 
highlighting the importance of animals for traction power in developing countries. 
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Regulating services
Human well-being benefits from the ecosystem’s role as a regulator of a range of natural processes, 
including the regulation of local air quality, climate, erosion, soil fertility and pollination (TEEB, n.d.). 
Livestock can impact both positively and negatively on the regulating services provided by ecosystems. 
Livestock systems are capable of converting non-human edible primary vegetation, agricultural residues 
and other household wastes into protein for human consumption whilst recycling the nutrients contained 
in these wastes back into ecosystems (Hoffmann et al., 2014). Appropriately managed livestock grazing 
can also help to prevent erosion, improve water retention and improve soil carbon sequestration by 
helping to maintain soil cover and providing organic matter and nutrients to poor quality soils (ibid). 
Grazing can also prevent the encroachment of woody species into grasslands to maintain habitat diversi-
ty (Perevolotsky and Seligman, 1998). Improved soil quality can also improve soil organic carbon 
sequestration with implications for climate regulation (Hoffmann et al., 2014).
Livestock systems can also contribute to the control of agricultural pests and disease vectors by consu-
ming insects and supporting the maintenance of populations of pollinator species by controlling tall 
grasses that may otherwise supress the growth of floral species on which they depend (Hoffmann et al., 
2014).
Supporting and habitat services
Supporting ecosystem services, such as the maintenance of genetic diversity, are intermediate services 
that underpin final provisioning, regulating and cultural services that benefit humans (Haines-Young and 
Potschin, 2009). Zander et al. (2013) and Martin-Collado et al. (2014) showed that in the case of threa-
tend European livestock breeds, livestock systems have significant public value in generating resource 
diversity. Livestock systems can also connect habitats through the dispersal of seeds across geographies, 
enabling the movement of plant species in response to the changing climate (Hoffmann et al., 2014). 
Furthermore, livestock production systems can support soil fertility through the cycling of nutrients and 
the provision of organic matter in the form of manure, and can also provide habitats for species and 
ecosystems that have adapted to human created biotopes (ibid).
Cultural services
Cultural services provided by ecosystems encompass a broad range of non-material benefits that under-
pin human recreation, culture and spirituality (Haines-Young and Potschin, 2009). Livestock provide a 
range of cultural services through their use as a source of recreation, aesthetics and inspiration, and 
through their role in the fulfilment of social and religious rituals and obligations (Hoffmann et al., 2014). 
For example:
•  In addition to their use as an important source of food and income, chickens are used in Kenya as part 
of traditional funeral rites, as gifts, and as a biological clock to tell the time of day in rural areas 
(Magothe et al., 2012). Furthermore, livestock in East Africa represent a means of assuring cultural 
ties and support the building of social capital between groups and communities, through, for example, 
inheritance and loans, and through the use of livestock as an indicator of social status and in marriage 
rituals (Hesse and MacGregor, 2006). 
•  In Russia, the Yakutian cattle breed plays an important role in maintaining and strengthening the 
ethnic and regional identity of the local Sakha people (Kantanen et al., 2010), and the cattle breed is 
used as part of traditional funeral rituals (Ovaska and Soini, 2011). 
•  Livestock systems are also key to the preservation of aesthetically important landscapes, such as the 
rangeland landscape in the USA, which is associated with grazing cattle production (Huntsinger, 
2013). The transformation of traditional grassland landscapes into scrub and evergreen oak forest in 
in Provence, France due (in part) to the abandonment of sheep grazing, highlights the importance of 
livestock systems in maintaining culturally important landscapes (Bunce et al., 2004).
•  The maintenance of livestock systems can be an important factor in conserving traditional knowledge 
about the coexistence of humans, nature and livestock that has been developed over long periods of 
time. Such knowledge can inform the development of management practices that are optimized for 
specific livestock breeds and environmental conditions (Hoffmann et al., 2014).
•  A 2012 study examined the contribution of Tanzanian pastoralist systems to the wildlife tourism 
industry. These benefits accrue due to the conservation of water and pastures, and the preservation of 
natural ecosystems, through locally derived land management practices implemented by pastoral 
communities (Nelson, 2012). 
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Table 3.3  Ecosystem service benefits provided by livestock production systems  
(adapted from Hoffmann et al., 2014)
Ecosystem 
service
Temporal 
scale
Spatial 
scale
Grassland 
(grazing) 
systems
Mixed 
rainfed 
systems
Landless 
ruminant 
systems 
(feed- 
lotting)
Landless 
monogastric 
systems 
(backyard 
poultry)
Mechanism Example 
products 
and benefits
Provisioning Services
Food, hides, 
skins and fibres
S L,R,G + +++ ++++ ++++ Benefits and 
co-benefits 
of animal 
secondary 
productivity
Meat, leather
Draught power S L N/A ++++ N/A N/A Draught 
power
Fertilizer S L,R + +++ ++ ++ Manure, urine
Fuel S L N/A + ++ ++ Combustion, 
fermentation
Manure, 
biogas
Regulating services
Non-human 
edible food 
conversion 
– primary 
vegetation
S L ++++ ++++ + + Conversion 
of feed to 
biomass
Use of 
primary 
vegetation for 
feed
Waste Recycling 
and weed 
control
S L + ++++ + + Feeding of 
animal and 
plant waste 
residues and 
grazing on 
weeds
Recycling of 
crop residues 
and household 
waste
Biological 
Control
S L ++ ++ N/A N/A Consumption 
of disease 
carrying 
insects, e.g. 
ticks
Reduction 
of disease 
vectors and 
pest species
Land 
Degradation 
and Erosion 
Prevention
M,L L,R ++ ++ N/A N/A Managed 
grazing can 
enhance 
soil quality 
and fertility, 
soil water 
retention, 
soil carbon 
formation 
and local 
biodiversity 
Maintenance 
of vegetation 
cover
Climate 
Regulation
L G ++++ ++ N/A N/A Soil carbon 
sequestration
Water Quality/
Quantity 
Regulation
M,L L,R ++++ +++ N/A N/A Water 
purification 
in soil
Control of bush 
encroachment 
and 
maintenance of 
fuel breaks 
S,M L ++++ N/A N/A N/A Browsing 
species 
consume 
woody 
vegetation 
and keep 
rangelands 
open
Prevention of 
overgrowth 
and 
containment 
of fire hazards
Pollination S L XX ++++ N/A N/A Managed 
grazing can 
improve floral 
resources, 
particularly 
where 
supressed by 
tall grasses
Increased 
population 
of pollinating 
species 
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Ecosystem 
service
Temporal 
scale
Spatial 
scale
Grassland 
(grazing) 
systems
Mixed 
rainfed 
systems
Landless 
ruminant 
systems 
(feed- 
lotting)
Landless 
monogastric 
systems 
(backyard 
poultry)
Mechanism Example 
products 
and benefits
Supporting services and habitat services
Maintenance of 
soil fertility
S,N L + +++ N/A N/A Provision of 
nutrients and 
organic matter
Nutrient 
cycling and 
soil formation
Primary 
production
S,M L ++ N/A N/A N/A Managed 
grazing can 
enhance 
soil quality 
and fertility, 
soil water 
retention, 
soil carbon 
formation 
and local 
biodiversity
Improving 
vegetation 
cover
Connecting 
habitats
M L,R ++++ ++ N/A N/A Seasonal 
grazing can 
connect 
ecosystems 
by distributing 
seeds
Enabling 
movement of 
vegetation to 
new habitats 
in changing 
climates
Maintenance 
of life-cycles of 
species
M,L L ++++ ++ N/A N/A Preventing 
succession and 
maintaining 
avian, insect 
and predator 
diversity on 
human made 
biotopes
Habitats for 
migratory 
species
Habitats 
for species 
adapted to 
human-made 
biotopes
Maintenance 
of genetic 
diversity
S,M,L L,R,G ++++ ++ N/A N/A Maintenance 
of sub-species 
(breed) level 
diversity 
through local 
adaptation
Gene pool 
protection
Cultural services
Opportunities 
for recreation
M,L L,R ++++ ++ N/A N/A Unique and/or 
aesthetically 
pleasing 
landscapes 
may attract 
tourists
Eco/Agro-
tourism
Knowledge 
systems and 
education
M L ++++ ++ N/A N/A Developing an 
understanding 
of the 
coexistence 
of nature, 
humans and 
livestock over 
time
Traditional 
and formal 
breed 
knowledge
Enhanced 
livestock 
management
Cultural and 
historic heritage
M,L L ++++ +++ N/A N/A Use of animals 
in cultural, 
social and 
spiritual 
activities
Maintenance 
of cultural 
identity
Art, culture and 
design
M L,R ++++ ++++ N/A N/A Inspiration 
for artists and 
designers
Traditional 
arts and 
fashion
Table 3.3 -sequence
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Ecosystem 
service
Temporal 
scale
Spatial 
scale
Grassland 
(grazing) 
systems
Mixed 
rainfed 
systems
Landless 
ruminant 
systems 
(feed- 
lotting)
Landless 
monogastric 
systems 
(backyard 
poultry)
Mechanism Example 
products 
and benefits
Natural 
(landscape) 
heritage
M,L L,R ++++ +++ N/A N/A Formation 
of unique 
landscapes 
through the 
interaction of 
agricultural 
systems and 
the natural 
environment
Aesthetic 
value
Spiritual and 
religious 
experiences
M,L L ++++ +++ N/A N/A Roles for 
animals in 
religious rituals
Religious 
ceremonies, 
funerals and 
weddings
Note: Scale refers to the importance of the ecosystem service to each production system; + (low) to ++++ (high). 
Spatial scale: Local (L), Regional (R) and Global (G)
Temporal scale: Short (S), Medium (M) and Long (L) term
 
3.1.3 Total natural capital costs
This section provides an overview of the total natural capital cost associated with beef, dairy milk and 
poultry meat production. As mentioned previously, total costs are calculated considering all producing 
countries for beef, dairy milk and poultry meat, and thus represent the impacts of those sectors at a 
global scale. These costs are divided into upstream supply chain and direct operations, as Trucost’s EEIO 
model divides the impacts by stage in the value chain. Once the direct and indirect cost were obtained 
for each of the producing countries, those were aggregated in order to obtain the costs at a global scale.
A comparison of the total natural capital costs for beef, dairy milk and poultry meat production is provi-
ded in figure 3.1. Natural capital costs are expressed in million US$ inflated to 2015 prices. Production 
quantities are measured in tonnes of product: tonnes of meat for beef and poultry production, and 
tonnes of milk for dairy production.
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Figure 3.1 Total natural capital cost of beef, dairy and poultry production worldwide (in million US$) and production quantities 
(in tonnes)
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Beef production has the greatest impact on natural capital at a global scale, and thus the highest natural 
capital cost, as shown in figure 3.1. The total natural capital cost of beef cattle production is US$1.5 
trillion, across all 199 beef cattle producing countries. In the case of dairy milk production, the total 
natural capital cost is US$0.5 trillion across 191 producing countries. For poultry meat, the total natural 
capital cost is almost 0.26US$ trillion across 201 producing countries. Thus, the total natural capital cost 
of beef production worldwide is more than three times that of milk production and approximately six 
times higher than poultry production. 
In 2011, global production quantities for each of the sectors were: 63 million tonnes of beef, 89 million 
tonnes of chicken meat and 607 million tonnes of dairy milk (FAO, 2015a). While production quantities 
are higher for poultry, the total natural capital cost associated with beef production is much greater than 
for poultry. This is due to the higher natural capital intensity of this sector (higher natural capital cost per 
production quantity).
For beef production, most of the natural capital cost is associated with direct operations. When conside-
ring all producing countries, direct operations of beef production account for 78% of the natural capital 
cost. For dairy milk production, there is a similar split for direct operations and supply chain impacts; 
direct operations account for 65% of the natural capital cost with the remaining 35% coming from the 
supply chain. There is a higher impact associated with the supply chain in milk production as dairy 
systems rely to a greater extent on feed purchased off farms instead of in pastures. In the case of 
poultry meat, most of the natural capital cost occurs in the supply chain – by a long chalk. Only 29% of 
the natural capital cost of poultry meat production is associated with direct operations. The remaining 
71% relates to the supply chain. Compared to beef, poultry meat requires less land to raise animals, and 
poultry has lower GHG emissions occurring within the farming stage as poultry does not produce metha-
ne emissions from enteric fermentation. In addition, poultry production normally relies on purchased feed 
grown off-farm, which contributes to its high supply chain impacts.
3.1.4 Natural capital intensities
This section provides worldwide average natural capital intensities for each of the three livestock sectors. 
Average natural capital intensities were obtained by combining the natural capital costs and production 
quantities obtained in section 3.1.3, with the protein content of each commodity. Average values presen-
ted in the report are weighted by production quantity. The intensity represents the impact on natural 
capital associated with the production of one unit of each commodity. This parameter makes it possible to 
identify the commodity that provides the greatest amount of protein with the lowest impact on natural 
capital. 
Figure 3.2 presents the average natural capital intensity when considering all producing countries for 
beef, dairy and poultry production split by the type of natural capital impact. The results are expressed in 
US$ per kilogram of protein produced. 
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Figure 3.2 Average natural capital intensity split by natural capital impact of beef, poultry meat and dairy milk production (in 
US$/kg protein)
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As figure 3.2 illustrates, the production of poultry meat has the lowest natural capital intensity of the 
three commodities (US$21 per kg of animal protein); 88% lower than beef (US$170 per kg of animal 
protein) and 18% lower than milk (US$25 per kg of animal protein). Based on these figures, poultry is 
the most environmentally efficient commodity, followed by dairy and beef. This is due to a combination of 
the high protein content of poultry meat (19% versus 3.3% for milk) and a low impact on natural capital, 
such as land use and GHG emissions. Lower impacts on natural capital are explained by the lack of 
enteric fermentation in poultry, and its lower feed conversion rates (lower kilogram of feed needed per 
kilogram of output) when compared to cattle.
Among the top-five countries per livestock sector, the natural capital intensity varies for beef from 
US$270 per kg of protein in Brazil to US$101 per kg of protein in China. For dairy milk this value varies 
from US$35 per kg of protein in Brazil to US$22 per kg of protein in India. For poultry meat, the natural 
capital intensity varies from US$58 per kg of protein in Indonesia18 to US$15 per kg of protein in United 
States. Similar findings were obtained by Cranfield University and Defra (Williams et al., 2006). This 
study analysed the environmental impact of different agricultural commodities across the life cycle, 
including beef and chicken meat, and dairy milk. The environmental impacts included were GHG emissi-
ons, acidification (partially captured by air pollutants), eutrophication (water pollutants), pesticide 
application (soil pollutants) and land use, amongst others. The results showed that poultry was more 
environmentally efficient compared to beef. 
In addition, Gerber et al. (2013) studied the GHG emissions of livestock using the Global Livestock 
Environmental Assessment Model (GLEAM), and arrived at similar conclusions: GHG emissions per 
kilogram of protein generated are lower for chicken meat than for dairy milk and beef. Similar findings 
were provided by de Vries and Boer (2010), in which the environmental impact of several livestock 
products was determined, again using a life-cycle approach. According to the study, beef was the com-
modity with the highest impact per kilogram of protein for GHG emissions and land use. Poultry meat and 
dairy milk were found to perform similary for GHG emissions and land use, with the range of intensities 
overlapping for these commodities. Those findings are in line with the result of the top-down analysis, 
which shows that on average, natural capital intensities for beef are much higher than that of poultry 
meat and dairy milk.
An important consideration to take into account is that even if beef has a higher impact on natural 
capital, ruminants are able to digest non-human edible products and therefore allow animal production to 
happen on land that is not suitable for arable crop production. Gill et al. (2010) show that if the human 
edibility of the feed is taken into account, the order between poultry meat, milk and beef can change. For 
example, if expressed per MJ of edible product, milk emits fewer greenhouse gases than poultry. Further-
more, within one species the order of intensities can change, as Gill et al. (2010) show in their compari-
son of dairy systems. 
Figure 3.2 shows that the natural capital intensity profile of beef and milk production is similar. For the 
two cattle-related sectors, land use is the most material impact followed by GHG emissions. In the case 
of beef, when considering all producing countries, land-use change accounts on average for 72% of the 
natural capital intensity, with GHG emis sions contributing 20%. In the case of dairy production, 62% of 
the impact is derived from land-use change, followed by 22% due to GHG emissions. Land use for beef 
and milk production is high when compared to poultry. 
As mentioned in FAO (2006), the area of land used by ruminants is in general substantial, in particular 
with extensive grazing farming systems. In addition, extensive grazing is often practised on marginal 
18
 Indonesia has a high presence of backyard poultry farms, and under these systems only few farmers acquire feed from feed-mill enterprises, as 
household waste is often used to feed poultry (Sumiarto and Arafin, 2008). As a result, purchased feed (which is captured in the supply chain) is 
lower compared to other countries. The top-down approach does not take this into account, because there is no differentiation between farming 
systems, and this can lead to overestimating Indonesian natural capital intensity. 
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lands, with poor conditions and low productivity (Suttie et al., 2005). However, land use for dairy is lower 
than for beef due in part to less reliance on pasture as feed (FiBL, 2012). On the other hand, GHG 
emissions for beef and dairy production are mainly associated with direct operations and the main source 
of emissions is methane from ruminant enteric fermentation. For poultry production, 39% of the total 
impact is associated with GHG emissions and 36% with land-use change. 
Impacts due to water pollution, water consumption and soil pollutants appear as immaterial for the three 
sectors when compared to the other impacts. On average for all producing countries, water pollution, 
water consumption and soil pollutants contribute in total less than 5% of the natural capital intensity for 
the three livestock sectors. 
3.1.5 Poultry meat production
Natural capital costs for poultry production at a global scale are provided in figure 3.4. Those include the 
top-five contributing countries to the natural capital cost of the sector worldwide. Production quantities 
are provided in figure 3.3, as the production level is a key parameter contributing to the absolute cost. 
Indonesia is a hotspot as it appears within the top-five contributors worldwide, which is why this country 
was selected as part of the poultry snapshots.
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Figure 3.3  Poultry meat production for the top-five contributing countries, the EU28 and the rest of the world (in million 
tonnes of ready-to-cook weight)
The top-five contributing countries account for 43% of the global natural capital cost of poultry produc-
tion. The United States, Brazil and China are the largest contributors, and this is mainly driven by high 
production quantities. These countries are the three largest poultry meat producers worldwide (FAO, 
2015a). The EU28 contributes to 11% of the cost of poultry production worldwide, which is comparable 
to Brazil and China. The EU28 has a natural capital intensity 5% lower than the world average. The 
percentage reduction between world average and EU is less significant when compared to cattle, as 
poultry production systems are more similar globally than cattle systems. For example, the difference in 
environmental impact between extensive and intensive cattle production systems is very significant.
Among the top-five poultry contributing countries, an average of 27% of the natural capital cost is 
associated with the farming operations, with the remaining 73% associated with the supply chain. The 
costs from direct operations are mainly associated with greenhouse gas emissions while supply chain 
costs are mainly associated with the land-use change required to grow feed for poultry. 
The natural capital intensity for each of the top-five contributing countries and the EU in the case of 
poultry, and the proportion of the intensity associated with each type of natural capital impact is shown 
in figure 3.4. A comparison to the world average natural capital intensity is also provided in the figure. 
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Figure 3.4  Natural capital intensity split by the type of natural capital impact of poultry production for the top-five contribu-
ting countries (in US$/kg protein)
Indonesia is the country with the highest natural capital intensity in terms of poultry production. This is 
partly due to less efficient production systems, which release higher GHG emissions per kilogram of 
protein produced. According to FAO (2015c), GHG emissions associated with manure management from 
broilers in Indonesia are 1.8 times higher than the global average. The most typical poultry production 
systems in Indonesia are backyard systems and commercial farms (Sumiarto and Arifin, 2008). Backyard 
systems produce much higher manure N2O emissions than commercial systems (MacLeod et al., 2013). 
This is due to a range of factors, including higher feed conversion ratios, higher nitrogen excretion per 
kilogram of protein produced (due to higher nitrogen intake and lower nitrogen retention) and the herd 
structure (lower fertility rates, and higher mortality rates due to diseases and predation). The higher 
share of backyard production systems in Indonesia – when compared to other countries – results in 
higher GHG emissions. 
It should be noted that as opposed to beef production, most of the impacts from poultry production come 
from the supply chain. Trucost’s indirect EEIO model, which quantifies supply chain impacts, employs 
global averages to estimate the quantity of resources used or of pollutants emitted per million dollars of 
revenue generated (for more information, see Trucost, 2016). This implies that countries with higher 
producer prices will have a greater impact on natural capital. Indonesia is one of the countries with the 
highest producer price for chicken meat (FAO, 2015b) and this can lead to the overestimation of the 
supply chain impacts of poultry in Indonesia. 
In addition, as mentioned above, Indonesia has a high presence of backyard poultry farms, and under 
these systems only a low number of farmers acquire feed from feed-mill enterprises, because household 
waste is mainly used to feed poultry (Sumiarto and Arafin, 2008). As a result, there is less purchased 
feed (captured in the supply chain) in Indonesia compared to other countries, and this fact can also 
contribute to overestimating the natural capital intensity for poultry meat in this country.
Table 3.4 highlights key parameters for poultry meat production, such as the top-five countries contribu-
ting to the natural capital impact of the sector worldwide, the average contribution of operational and 
supply chain impacts to the natural capital intensity, and the average contribution of each impact to the 
natural capital intensity for those five countries.
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Table 3.4  Natural capital parameters for poultry meat production for the top-five contri-
buting countries
PARAMETER POULTRY MEAT PRODUCTION
Top-5 countries Indonesia, Russian Federation,  
Brazil, United States, China
Operational versus supply chain (%) 27% vs 73%
Natural capital intensity (%) Greenhouse gases 40%
Air pollutants 19%
Water consumption <1%
Water pollutants 03%
Soil pollutants <1%
Land-use change 38%
As shown in table 3.4, on average 40% of the impact from poultry production is related to greenhouse 
emissions, with 38% of the impact from land-use change and 19% from air pollutants. In addition, the 
supply chain impacts for poultry account for 73% of the natural capital intensity, with the remaining 27% 
occurring in the direct operations. The fact that the supply chain has a bigger impact on the sector is 
partly because the operational impacts of poultry production are lower compared to beef and dairy. This 
is due to a lack of GHG emissions from enteric fermentation and the relatively low land use required to 
raise chicken, compared to cattle production (both beef and dairy). On the other hand, higher reliance on 
off-farm feed crops results in higher supply chain impacts for poultry.
3.1.6 Beef production
Figure 3.5 shows the quantities produced of the top-five contributing countries, EU28 countries and the 
rest of the world for beef production. Brazil is a country that was selected as part of the snapshot 
analysis on beef production, and this high-level assessment shows that this country is a key contributor 
to the impact of the sector worldwide. A better understanding of specific faming systems of beef produc-
tion in Brazil and its implications for natural capital will be provided in the snapshot analysis.
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Figure 3.5 Beef production for the top-five contributing countries, the EU28 and the rest of the world (in million tonnes 
dressed carcass weight)
The top-five beef contributing countries (Brazil, United States, China, Argentina and Mexico) account for 
50% of the natural capital cost worldwide. Brazil is the largest contributor to the impact of beef produc-
tion due to a combination of high production quantities (it is the second-largest producer worldwide) and 
high natural capital intensity. By contrast, the EU28 contributes 8% of the total natural capital cost of 
beef cattle production worldwide and has a natural capital intensity 39% lower than the global average. 
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This is due to low GHG emissions and land-use change costs of beef stocks in European countries. Low 
land use intensities in Europe can be explained by less common use of extensive grazing systems 
compared to Latin American countries such as Brazil or Argentina (Deblitz and Ostrowski, 2004; Ferraz 
and de Felicio, 2010). Furthermore, the average Ecosystem Service Value per hectare of land converted 
to beef production is lower in Europe (US$495 per hectare) than in Brazil (US$1,837 per hectare) or 
Argentina (US$811 per hectare), resulting in lower overall land-use change costs in European countries 
(de Groot et al., 2012; Olson et al., 2001). Low GHG intensities can be explained as Europe is characteri-
zed by a high percentage of beef coming from dairy production systems, a high efficiency in pure beef 
production and a higher digestibility of the cattle’s ration (Opio et al., 2013). In industrialized countries 
the feed ration mainly consists of high-quality roughages and concentrates, which have lower GHG 
emissions (ibid). 
For beef production, the natural capital intensity for the top-five contributing countries and the EU, and 
the proportion of the intensity associated with each natural capital impact is shown in figure 3.6.
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Figure 3.6 Natural capital intensity split by natural capital impact of beef production for the top five contributing countries (in 
US$/kg protein)
The natural capital intensity of beef production follows a similar pattern for each of the producers shown 
in figure 3.6. Land-use change is the most material impact, followed by GHG emissions. Amongst those 
countries, the variation of GHG emissions is not very significant, though land-use intensity varies sub-
stantially from Brazil to China. When compared to the other five key contributors, intense land use occurs 
in Brazil for beef production due to a combination of high land-use requirements for cattle ranching and 
the displacement of highly valuable ecosystems. Similar findings were reported in the Trucost report 
commissioned by TEEB ‘Natural Capital at Risk: the Top 100 Externalities of Business’ (Trucost, 2013), 
which analysed the impact of different sectors in different regions worldwide, and beef cattle ranching in 
Brazil appeared as an environmental hotspot due to land-use change. Brazil’s strict land-use require-
ments are due to its reliance on an extensive pastoral production system (Ferraz and de Felicio, 2010). 
In addition, according to Olson et al. (2001), the predominant pristine ecosystem in the country is 
tropical forest, and tropical forests are a highly valuable ecosystem as they provide a wide range of 
ecosystem services (de Groot et al., 2012). Example of ecosystem services provided by tropical forests 
are medicinal resources, climate regulation and regulation of water flows (ibid). In particular, the average 
Ecosystem Service Value lost per hectare converted to beef production is in the top quartile of all coun-
tries, at US$1,837 per hectare.
Table 3.5 compiles the main parameters for beef production in terms of key countries, the average split 
of operational and supply chain impacts, and the average contribution of each natural capital impact to 
the intensity profile for those locations.
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Table 3.5  Natural capital parameters for beef production for the top-five contributing 
countries
PARAMETER BEEF PRODUCTION
Top-5 countries Brazil, Mexico, Argentina, United States, 
China
Operational versus supply chain impacts (%) 78% vs 22%
Natural capital intensity (%) Greenhouse gases 21%
Air pollutants 06%
Water consumption <1%
Water pollutants <1%
Soil pollutants <1%
Land-use change 72%
As table 3.5 shows, on average for the five-top contributing countries, land-use change contributes 72% 
of the natural capital impact. GHG emissions contribute to 21% of the total impact. When comparing 
impacts across the supply chain, on average 78% of the impact occurs within direct operations, with 22% 
occurring in the supply chain. This is because GHG emissions and land-use impacts, which are key 
contributors to the natural capital impact, occur mainly in the direct operations. 
3.1.7 Dairy milk production
Figure 3.7 shows the dairy milk production for the top-five contributing countries, EU28 and the rest of 
the world. Regarding dairy systems, India appears to be a key contributor to the natural capital cost 
worldwide, and it was selected to be analysed at a granular level. The large quantities of milk production 
in India, which is the second producer worldwide according to FAO (2015a), result in this country being a 
hotspot in terms of natural capital costs. 
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Figure 3.7 Dairy milk production for the top-five contributing countries, the EU28 and the rest of the world (in million tonnes 
of whole fresh milk)
The top-five dairy-contributing countries account for 39% of the total natural capital cost. The USA is the 
largest contributor to the natural capital cost of dairy due to high production quantities, as it is the 
largest milk producer worldwide (FAO, 2015a). The USA dairy sector relies primarily on intensive produc-
tion systems (confined systems, with conserved fodder and relatively high percentages of compound 
feeds) and Holstein cows that are genetically optimized for milk production, in contrast to the dual 
optimization for meat and milk practiced in some other countries (EPA, 2015). Milk is produced in all 50 
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states of the USA and is second only to beef, and equal to corn, in terms of total farm value (USDA, 
2012).
EU countries have an average natural capital intensity 24% lower than the global average. Dairy produc-
tion has lower emission intensities in systems that have high productivity (Gerber et al., 2013). Thus, 
similar to beef production, lower GHG intensities in EU28 countries can be explained by high feed digesti-
bility and more efficient herd management practices, which are characteristic of high productivity sys-
tems (ibid). 
Figure 3.8 presents the natural capital intensity of the EU and key dairy milk producing countries compa-
red to the world average natural capital intensity. 
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Figure 3.8  Natural capital intensity split by natural capital impact of dairy milk production for the top-five contributing 
countries (in US$/kg protein)
Similar to beef production, Brazil is the country with the highest natural capital intensity amongst the five 
contributing countries. This is mainly because the country exhibits the highest land-use intensity and the 
highest GHG emissions per unit of protein production amongst those countries. Land-use intensity for 
milk production is high in Brazil due to the displacement of highly valuable ecosystems present in the 
country. High GHG intensities are partly due to larger methane emissions (from enteric fermentation) per 
kilogram of protein produced compared to the remaining four key contributing countries (FAO, 2015b). 
Methane emissions are influenced by a range of factors including the use of low-quality feed (low digesti-
bility feed generates more methane emissions), low productivity (feed is used for animal maintenance 
and not for production) and the herd structure (higher number of replacement animals that do not 
produce milk but contribute to the emission of methane) (Opio et al., 2013). Dairy production in Brazil is 
predominantly based on grazing systems with smaller contributions from confined and semi-confined 
systems (New Zealand Trade and Enterprise, 2010). The high proportion of grazing systems can explain 
the high land-use requirements for dairy in Brazil. 
Table 3.6 highlights key parameters for dairy milk production, such as the top-five countries contributing 
to the natural capital impact of dairy milk production worldwide, the average contribution of operational 
and supply chain impacts to the natural capital intensity, and the average contribution of each impact to 
the natural capital intensity for the top-five countries.
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Table 3.6  Natural capital parameters for dairy milk production for the top five  
contributing countries
Parameter Dairy milk production
Top-5 countries Brazil, China, Russian Federation, 
United States, India
Operational versus supply chain 
impacts (%)
66% vs 34%
Natural capital intensity (%) Greenhouse gases 22%
Air pollutants 14%
Water consumption <1%
Water pollutants 01%
Soil pollutants <1%
Land-use change 62%
As shown in table 3.6, land-use change in the top-five countries contributes 62% of the natural capital 
impact of dairy production, followed by GHG emissions at 22%. When analysing the impacts across the 
value chain, on average 66% of the impact is found in the direct operations and 34% in the supply chain. 
GHG emissions per kilogram of protein are lower for dairy than beef since dairy cattle produce higher 
overall quantities of protein throughout their lifespan, while the inputs required are comparable to beef 
(Opio et al., 2013).
3.2  Biodiversity and livestock production systems
Habitat change and climate change are considered among the most prominent threats to biodiversity 
worldwide (Alkemade et al., 2009; Parmesan and Yohe, 2003; Sala et al., 2000; Warren et al., 2011). 
and are likely to alter ecosystem processes and reduce ecosystem resilience to additional or continued 
negative pressures (Chapin III et al., 2000). Food production is the economic sector with the strongest 
impact on biodiversity, contributing 60%-70% of total global biodiversity loss (Kok and Alkemade, 2014). 
Newbold et al. (2015) showed that local urbanization has the strongest negative impacts on biodiversity, 
closely followed by the expansion and intensification of pasture and cropland areas.
Based on an earlier literature review (Reid et al., 2010), and also illustrated in this study, it appears that 
livestock production systems primarily have negative impacts on biodiversity. These negative impacts 
include direct impacts on biodiversity associated with (heavier) grazing, trampling and defecation. Yet the 
predominant biodiversity impacts are indirect, resulting from habitat conversion to create (intense) 
pastures and cropland for feed, and from emissions of greenhouse gases (Reid et al., 2010).
Yet there are positive impacts as well, such as the maintenance of permanent grasslands, which in terms 
of biodiversity are among the richest habitats in some regions. There can be a continuous gradient 
between negative and positive impacts on biodiversity, which are strongly determined by management 
practices (LEAP, 2015). With current practices, however, the negative effects dominate on a global scale. 
3.3  Animal and human health: A Global One Health 
Animal production and human health are related to each other in multiple ways:
• At a global scale, livestock products are important providers of animal protein and essential micro-
nutrients. More than three quarters of the world’s undernourished people live in rural areas, and most 
of them depend on agriculture, including livestock for their livelihoods (FAO, 2009a). At least this is 
true as long as the quantities consumed are limited. It is known that overconsumption of animal 
protein increases the risk of obesity, cancer and cardiovascular diseases. 
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•  There are human diseases related to animals, called zoonoses. There are several different vectors by 
which humans can be infected (blood, air, animal products). Examples of livestock-related zoonoses 
are Avian Flu, Salmonella, Campylobacter, E. coli, Leptospirosis, Toxoplasmosis and Q-fever. See 
http://www.who.int/zoonoses/en/.
•  Animal health can affect the health and well-being of humans in various ways, as is illustrated in the 
figure below (FAO, 2009a). 
• Animals and humans use the same kind of antibiotics. The frequent veterinary use of antibiotics, and 
especially the veterinary use of those antibiotics that are critically important to human health care, 
increases the risks of antimicrobial resistance, e.g. ESBLs and MRSA. The danger is that in the end no 
antibiotics will be available to combat resistant bacteria in hospitals, for example.
• Controlling the risks of disease outbreaks and reducing endemic infectious diseases are crucial to food 
security, public health, climate change and biodiversity. 
Figure 3.9 (FAO, 2009a) shows that in addition to the direct relation with human health there is also an 
indirect relation in terms of the economic risks (productivity losses, market disruptions and livelihood 
risks). Animal diseases have a negative impact on the income of especially poor livestock keepers and 
also have a strong impact on their consumption of animal products and their health.
 
Economic risks
Animal diseases
Human well-being
Human health risks
• Productivity losses
• Market disruptions
• Livelihood risks
• Pandemic disease
• Endemic disease
• Food-borne illness
Figure 3.9 Impacts of animal diseases on human well-being
Wageningen University & Research uses the phrase ‘A Global One Health’, as it reflects the interconnec-
tedness and global nature of health care for humans, animals, plants and the environment. Many health 
risks can be controlled through effective interventions consisting of an adequate and varied food supply, 
hygiene, medicines, vaccines, vector control and crop protection. A sustainable and shared approach 
requires an integrated analysis of infectious diseases, with contributions from various knowledge domains 
(Wageningen UR, 2015b).
A set of indicators is needed to cover the overall theme and evaluate the relation between animal 
production systems and human health. Indicators about the health of livestock farmers including their 
families are scarce and absent for most countries, even in the Western world. Indicators of animal health 
are also scarce in many countries (indicators include death rates, the use of vaccines and the use of 
antibiotics, for example). Information about sick animals (frequency and severity) is more or less absent 
(OiE, 2015). Therefore, it is very hard to indicate and evaluate the relation between the animal produc-
tion systems and human health.
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Some relations on the macro-level are clear. Intensification of animal production systems goes hand in 
hand with the increased use of inputs. Antibiotics is one of these inputs, and it is still being heavily used 
in the commercial livestock production systems. In many cases this frequent use of antibiotics hides 
farmers’ bad management or risk averse behaviour. However, Danish and Dutch practice shows that it is 
possible to have intensive and high animal production without resorting to the frequent use of antibiotics 
(Wageningen UR, 2015a). Some organic farms in the Western world are able to reach quite high produc-
tion levels per animal as well without use of antibiotics. 
Health risks differ among animal species. The risks of zoonoses are lower for cattle than for poultry. 
Other factors, like the number of flocks/herds in a region, the number of animals per flock/herd, housing, 
manure management and pest control, can influence animal health and thus also exacerbate the risks to 
human health. In highly populated regions with a high density of livestock the emission of particulate 
matter might influence human health as well. 
To conclude: human health is important when comparing different livestock production systems because 
human health is in many cases directly involved. Given the high prevalence and high severity (death of 
people) of zoonoses, the natural capital costs are potentially high. On the other hand, the consumption of 
animal protein has benefits for human health, both in the developing and the developed world.
3.4 Key findings of the top-down approach
Natural capital costs
•  Natural capital costs express in monetary terms the impacts on natural capital that are produced by 
livestock systems, as a result of resource use and pollutant emissions (units in US$). Natural capital 
costs include the impact of supply chain (upstream) and operational (farming) activities on six natural 
capital impact categories: GHG emissions, air pollutants, water consumption, water pollutants (from 
fertilizer application), soil pollutants (from pesticide application) and land-use change.
• The total natural capital cost of beef, dairy milk and poultry meat have been calculated by considering 
all producing countries, and thus represent the impacts of those sectors at a global scale. Beef 
production is the sector with the greatest natural capital cost worldwide. The total natural capital cost 
of beef production (which is US$1.5 trillion) is three times that of dairy milk production (US$0.5 
trillion) and approximately six times higher than that of poultry meat production (US$0.26 trillion).
• The contribution of direct operations to the total natural capital cost is approximately 78% for beef, 
65% for dairy milk and 29% for poultry meat when considering all producing countries. Thus for beef 
production, natural capital costs are mainly associated with the direct operations, while for poultry 
they are mainly associated with the upstream supply chain. This can be explained by the lack of 
enteric fermentation, the low land-use requirements of poultry, which are associated with direct 
operations, and the higher use of feed cultivated off-farm and thus acquired as part of supply chain 
activities. For dairy milk production the split between direct operations and supply chain impacts is 
similar. Compared to beef, there are more impacts in the supply chain as dairy systems rely to a 
greater extent on purchased feed than beef systems, which has a greater impact on the supply chain.
•  The share of the total natural capital cost for the top-five contributing countries is 50% for beef 
(Brazil, US, China, Argentina and Mexico), 39% for dairy milk (US, India, Brazil, China, Russian 
Federation), and 43% for poultry (USA, Brazil, China, Indonesia, Russian Federation). EU28 contribu-
tes 8%, 19% and 11% of the total natural capital cost of beef, dairy milk and poultry production 
respectively.
•  Variation in country-level natural capital costs can be explained by: 
 –  The total number of animals under production
 – Efficiency of livestock production systems (resource use or emissions per tonne of production)
 – Natural capital valuation coefficients (for example, the value of the ecosystems present in the 
country)
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Natural capital intensities
•  Natural capital intensities express the natural capital cost per protein content (units in $/kg protein). 
This metric makes it possible to identify the commodity that provides the greatest amount of protein 
with the lowest impact on natural capital.
• When determining the average natural capital intensity considering all producing countries for the 
three commodities, it was found that beef has the highest associated natural capital intensity and 
poultry meat the lowest (US$170/kg of animal protein versus US$21/kg of animal protein). Lower 
GHG emissions and land-use change per kilogram of protein are associated with poultry production as 
a result of low feed conversion rates, and the lack of enteric fermentation for monogastrics.
• The average natural capital intensity of EU countries is significantly lower than the global average in 
the case of beef and dairy milk. This is partly due to higher efficiencies in the production system, such 
as higher feed digestibility and more efficient herd management practices for cattle. 
Types of natural capital impacts
• For beef and dairy milk, land-use change is the most important natural capital impact (contributing 
72% and 62% of the natural capital intensity, respectively) followed by greenhouse gas emissions 
(20% and 22%, respectively) when considering all producing countries. In the case of poultry meat, 
GHG emissions represents the largest natural capital impact (39%), followed by land-use change 
(36%). 
• The contribution of water pollution, water consumption and soil pollutants in total is less than 5% of 
the natural capital intensity on average for all species.
Benefits
• The provision of food represents one of the most significant benefits to society provided by livestock. 
Furthermore, livestock systems can enhance a wide range of regulating, supporting and cultural 
services. Some examples include: soil carbon sequestration (regulating service); connecting habitats 
for plant species through seed dispersal in seasonal grazing systems (supporting service); and the 
enrichment of cultural identity through the role of livestock in social and spiritual activities (cultural 
service).
Biodiversity impacts and dependencies of livestock production
• Livestock production affects biodiversity in many different ways, which, depending on local conditions, 
differ in type and magnitude of impact. These impacts are predominantly negative, although some 
positive effects exist as well, especially in extensive livestock grazing systems, such as in pastoralist 
rangelands protecting the rangelands from being converted to even more damaging cropland produc-
tion. Yet locally, management practices may be applied to alleviate the negative impacts or restore 
biodiversity.
Animal and human health 
• Livestock production systems have a huge direct and indirect impact on human health, including 
benefits and positive and negative externalities. Animal protein is an important part of the human 
diet. Zoonoses endanger human health, as can the use of antibiotics in animal production systems. 
Diseases from poultry production have a bigger impact on human health than cattle. So the gap 
between species in natural capital costs is in reality smaller than estimated with the present valuation 
models, which do not take into account the animal and human health factor.
• For now, there are no good indicators to quantify the relation between animal diseases and human 
health. This is partly due to a lack of knowledge and data in both the developed and developing world.
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Bottom-up analysis
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4 Bottom-up analysis
This chapter presents ten livestock snapshots, and the results of the bottom-up assessment of these ten 
snapshots. After introducing the snapshots, we present an overall quantitative assessment of the 
snapshots. For some indicators, we were able to present quantitative and monetary values. The assess-
ment and valuation of impacts and dependencies of various production systems facilitates rational 
comparisons of policy choices when trade-offs exist between food production systems with their own 
impacts and dependencies upon ecosystems. A bottom-up approach is mainly based on local or regional 
data and can provide insightful context and granularity required to aid decision-makers at all levels with 
complex policy choices. 
The quantitative and valuation analysis presents the natural capital costs in terms of greenhouse gas 
(GHG) emissions and water pollution. We then quantified the land footprint of livestock production and 
looked specifically at its impact on biodiversity. Last, the results reflect the degree of dependency of 
animal husbandry on ecosystems for the provision of blue water. Finally, we summarize the main 
findings.
Monetizing these impacts across different animal husbandry systems provides an opportunity to assess 
relative magnitudes and compare approaches, both within particular geographies, between different 
geographies, and over time. Monetization facilitates comparisons between different impacts, and also 
makes it possible to compare economic indicators such as product retail prices.
 
The starting point is a broad spectrum comparison across the entire livestock system in question that 
looks at the (monetary) value of its impact or dependency on natural capital. However, a comparison 
between production systems is only meaningful if the systems are substitutable to a certain degree, 
because then it can help policy-makers, farmers and consumers to better understand the differences 
between the alternative options that they face. That is why we were cautious about identifying when 
systems are sufficiently comparable and/or substitutable, so that we could make a meaningful compari-
sons of valuation results.
Based on these considerations, we made the following comparisons for all issues within the scope of this 
quantitative assessment:
•  Beef ranches: an assessment of extensive beef production in Brazil (snapshot 6), including possible 
variations of the systems as explained in section 4.3.1. Farmers face the choice of whether to imple-
ment certain improvements, and local policy-makers face the choice of whether to encourage such 
improvements.
•  Pastoralist and dairy cattle: a comparison between cattle in traditional extensive systems and dairy 
farms, where grass and/or crop residues constitute the main source of feed, in Tanzania (snapshots 4 
and 7) and India (snapshots 5 and 8). 
• Systems able to export: Consumers face ongoing choices as to which products to buy, and poli-
cy-makers from importing countries face the problem of whether to encourage certain imports or local 
production systems. Therefore, it is interesting to compare the three production systems that we have 
studied, which can supply animal proteins to international markets: the industrial broiler system 
(snapshot 3), intensive dairy production in a mixed farm as practiced in the Netherlands (snapshot 9) 
and beef production by grazing with feedlots in Brazil (snapshot 6). 
4.1 Snapshot descriptions
4.1.1 Snapshot 1: Tanzania backyard poultry
Backyard or village production of poultry is the dominant global production system, in particular in 
developing countries in Africa and Asia. The type of chicken in backyard systems is mostly a local breeds 
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that is well adapted to local circumstances. The chickens are kept free range and find their own feed. 
Often the birds get leftovers or food not suitable for human consumption. Housing is often limited to 
night shelters, and medical care is very limited. This low-input system for poultry also has a relatively 
low production level (in kg protein per chicken) with high death rates. The number of chickens per farm 
generally varies from 10 to 30 (Boki, 2000; Knueppel et al., 2009), and occasionally up to 150 chickens 
(Kisungwe, 2012). A flock of 25 birds typically has an output of 220 eggs and 70 kg of meat annually. 
Chickens are generally kept by the rural poor and managed by women and children.
 
Chickens play a vital role in households by providing an important source of high-quality nutrition, an 
income, as well as quick cash to pay for medicine, food, transportation or school fees, and manure. 
Chickens drop their manure in the backyard. Only the manure in the night shelter is collected as fertilizer 
for crop production. Greenhouse gases are estimated at 6.5 kg CO2-eq per kg carcass weight (MacLeod 
et al., 2013). Chickens also play a role in social activities, religious ceremonies and the traditional 
treatment of diseases (Knueppel et al., 2009). Poultry cohabit with humans and have free contact with 
potential reservoirs of HPAI viruses, salmonella and other zoonoses. 
Picture 4.1 Backyard poultry keeping in rural areas in sub-Saharan Africa
   
4.1.2 Snapshot 2: Indonesia family farm broilers
The total poultry production in Indonesia in 2011 was estimated to have been 1.6 million tonnes of meat 
(FAO, 2015a). Poultry accounts for an estimated 62% of total domestic meat production and plays an 
increasingly important role in the Indonesian diet (USAID, 2013). Extensive backyard poultry systems 
are very common in Indonesia, as are commercial breeding farms (IFPRI, 2008). In Java, most chicken 
operations are extensive systems (backyard) or semi-intensive (better management practices) (FAO, 
2009a).
The size of medium-scale family poultry farms ranges from 150 to 15,000 birds. Mostly commercial 
breeds are used in these production systems but local breeds of chicken, ducks and turkey are used as 
well. This type of specialized farm operates in a semi-intensive or intensive way. Day-old chickens, feed 
and veterinary services are sourced from supplier companies. Chickens are kept indoors in relatively 
simple housing systems with low investment costs. For 5,000 birds the investment is about 5,000 euros. 
Birds are sold to slaughterhouses at an age of 5 to 7 weeks. The live weight at slaughter ranges from 1.2 
kg to 1.5 kg per bird. For a farm with a capacity of 5,000 broilers the annual production is around 32,000 
birds, or 40,000 kg of meat. Animal health care consists of vaccination against Newcastle disease and 
Gumboro as well as disinfecting the shed before a new flock arrives. The breeding stock usually origi-
nates from breeding companies in the US or Europe. Most countries import grandparent stock and 
countries have specialized hatchery farms. The broilers are fed with industrial compound feed from a 
feed mill. The feed ingredients can be local or imported, and consist of energy (maize, grains) and 
protein (soy). The use of agro-industrial by-products in broiler feed is rare. Small amounts of antibiotics 
in feed are used to improve growth. The system is labour intensive compared with large-scale industriali-
zed poultry systems (hours per unit of output). One worker, usually a family member, can take care of 
5,000 animals. In addition to the value of the broilers, the dry manure from the broilers is valuable for 
crop production as well. Usually poultry farmers specialize and do not grow their own crops for feeding 
poultry (personal communication with Peter van Horne). 
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Diseases like avian influenza are public health concerns. A rapid increase in the number of farms may 
lead to the emergence of highly pathogenic strains from a pool of low pathogenic viruses maintained in 
wild or domestic birds. Zoonoses like salmonella are also a risk for consumers. There have been discussi-
ons recently about the use of antibiotics in broiler production because their excessive use causes resis-
tance (Robinson et al., 2011). 
Picture 4.2 Photo example of a broiler farm in Indonesia
  
Picture 4.3 Transport of broilers from farm to slaughterhouse (Indonesia, 2013)
 
Picture 4.4 Example of feed (yellow) and water (white) equipment. Manual system 
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4.1.3 Snapshot 3: The Netherlands industrial broilers
Industrial poultry production is the dominant system in the Netherlands. The poultry sector has grown 
rapidly in recent decades with total production increasing more than eightfold since the 1960s 
(Government of the Netherlands, n.d.). The Netherlands is the 27th producer worldwide according to 
Robinson et al. (2011).
Industrial broiler production systems are large-scale family farms with flocks ranging from 50,000 to 
100,000 birds. Broilers are kept in modern poultry houses in groups of 20,000 to 25,000, free loose 
housed on litter with automated provision of water and feed (Horne and Achterbosch, 2008). All inputs, 
such as the birds themselves, their feed and veterinarian services are bought from supplier companies. 
The day-old chicks are bought from a hatchery. Feed is bought from feed mills and consists mainly of 
wheat and corn from Europe and soy from Brazil, Argentina and the US. Industrial systems use commer-
cial breeds, which require optimal climate control, high-quality feed, water and good sanitation.
Investments for a capacity of 75,000 broilers are around 1.1 million US dollars. A farm with a capacity of 
75,000 broilers produces 1.2 million kg of live weight. One worker can take care of 75,000 broilers with 
some help during the start and end of the production cycle (receiving the day-old chicks, catching birds 
and cleaning). Manure is a valuable by-product of the poultry farm mostly transported over long distan-
ces to be used as fertilizer for crop production. Part of the poultry manure is supplied to manure-burning 
plants producing ‘green’ energy. Greenhouse gas emissions are estimated at 5.2 kg CO2-eq per kg 
carcass weight (MacLeod et al., 2013).
Animal health care is ensured by systematic vaccination for Newcastle Disease, Infectious Bronchitis and 
Gumboro in combination with cleaning and disinfection after every flock (including removing all the 
manure) and strict bio-security management. Coccidiosis is controlled by adding anticoccidials in the 
broiler feed. The use of antibiotics has been reduced by more than 50% in recent years in the 
Netherlands. Zoonoses like avian influenza, salmonella and campylobacter are a threat to human health. 
According to the EU (council directive 2005/94/EC), measures need to be taken to control avian influenza 
by killing poultry on infected holdings and cleaning and disinfecting the holding. For salmonella, the 
Netherlands has adopted an integrated chain approach to decrease the prevalence of salmonella in 
broiler flocks. The prevalence was reduced from 12% in 2000 to 5% in 2013 (www.agrimatie.nl).
4.1.4 Snapshot 4: Tanzania pastoralist cattle
Maasai households use communal pastures to graze cattle, small ruminants and donkeys. A group of 
households together typically owns 300 head of cattle, 50 sheep, 60 goats, chickens and dogs. Maasai 
keep local breeds that have adapted to the more harsh circumstances. Their own male animals are used 
for reproduction, and they do not use artificial insemination. Animals graze in one area for about six 
months during the rainy season, and overgrazing is common (Steinfeld et al., 2006). During the dry 
season, the household searches for other grazing land for their animals. This mobile system of seasonal 
and cyclical migration has been practised for decades. The family does not use inputs such as fertilizer or 
irrigation for grass production. During very dry years, when there is a shortage of grass, the animal are 
also fed with crop residues obtained from local crop farmers. 
The Maasai share their grazing grounds with wildlife, and contribute to the conservation of their habitat. 
Milk is produced only during the rainy season, and any surplus not used for household consumption is 
bartered or sold. However, the surplus is often very limited. In the dry season the milk yield is very low. 
The Maasai generally use animal meat for their own consumption: they are slaughtered and consumed 
during ceremonies, offered as a dowry, and sold only when there is a need for cash. Due to harsh 
conditions and an occasional scarcity of feed, herd productivity is low. Typically a herd of 100 animals 
produces around 10,000 kg of milk annually and between 10,000 kg and 15,000 kg of meat. Agro-
tourism is very important in the areas where the Maasai graze their cattle. Some of their camps can be 
visited.
Inputs into this pastoral system are low: no irrigation, no fertilizers, no antibiotics (occasionally cattle are 
vaccinated) and no machinery. The pastoral system is labour intensive and can only be managed by an 
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extended family. The nutrient cycling is at a very low level (low input and output per animal and per ha). 
Total N and P surpluses is assessed at 260 kg and 130 kg N and P, respectively, assuming 1,000 ha land 
in use results in 260 gram N and 130 gram P per ha. With 80% home consumption, the nutrients remain 
in the same area, albeit concentrated on homesteads. Once every three years there is a drought and 
animals are fed with straw or stover.19 We are assuming that 100,000 kg is fed to the animals during the 
whole season (3 kg straw per animal per day, about 100 days), in which case the nutrient input via 
consumed straw is 670 kg N and 70 kg P over the total herd. Nutrient balances range between -1 kg and 
+1 kg per ha per year. There will be no surplus of nutrients going into the systems; rather, a slow 
depletion is more likely, especially when dung is dried and used for fuel or sold to horticultural farmers in 
the vicinity. There is a small risk of nitrogen leaching, which takes place when the animals are housed in 
so called Kraals. 
In developing countries with pastoralist populations, traditional herders support subsistence livelihoods 
by selling live animals at local markets. In some countries in the Horn of Africa and the Sahel, pastora-
lists also supply cattle, sheep, goats and camels to traders who export live animals to traditional trading 
partners, mostly in the Near East and the growing coastal urban centres in West Africa. However, in-
creasingly stringent sanitary standards are threatening this trade. Pastoralism is under threat worldwide 
as mobility and access to traditional grazing areas become increasingly restricted through border controls 
and the expansion of land cultivation or, especially in parts of Africa, activities related to nature conser-
vation. In addition, climate change seems to be making arid and semi-arid areas even drier, as a result of 
which extreme weather events, including drought and floods, are likely to become more common. 
Traditional coping mechanisms tend to fail in these situations and pastoralists are abandoning livestock 
production, voluntarily or involuntarily, in increasing numbers (Thornton et al., 2002).
4.1.5 Snapshot 5: India pastoralist buffaloes
India is a large country with a huge variety in climate, landscape and agricultural production systems. 
Indian pastoralists keep animals for a number of purposes: the production of milk, meat, fibre and 
labour. They keep different species of livestock. Because of the diversity of environmental conditions, 
there is also a wide variety of pastoral systems in India. What all systems have in common is their low 
intensity in terms of animals per area of land. A typical example of pastoralism can be found in India in 
the Shivalik foothills of Uttar Pradesh and Uttarakhand. The main religion is islam, which is linked to a 
lower aversion to consuming slaughter animals compared to the Hindu population. 
Households spend the winter in the forests of the Shivalik foothills, where they live in temporarily erected 
huts. In the winter, the region provides enough feed for the 20 to 50 buffaloes owned by the households. 
Buffaloes are chosen in this example, because slaughtering buffaloes and exporting buffalo meat as beef 
is allowed. India is even one of the largest beef exporters in the world, based on buffalo production. Part 
of the feed comes from lopping off tree leaves, and this is presumed to be important for the milk’s taste. 
In the summer, the vegetation and the creeks dry out, and households migrate to the summer camps 
higher in the Himalaya mountains. A few households band together to migrate. The whole household is 
involved in milk production. The surplus milk is sold to sedentary people in the area. Animals are also 
used as a kind of savings. This lifestyle is being threatened because the Indian government is creating 
national parks in the areas where they spend summers and winters, and limiting access to traditional 
grazing grounds, although pastoralism is also essential for the preservation of the landscape in the areas 
where it is practised.21
Typically, annual production of a herd of 100 buffalos is estimated at about 3,500 kg live weight of meat 
and 21,250 kg milk (our own calculations, based on inputs from FAO’s GLEAM model). In addition to 
skin/hides and fibre (the wool of other animals) pastoralists harvest a number of other products from the 
areas they inhabit, e.g. honey. Agro-tourism is not developed in India, but does have potential.20 
19
 Stover is the straw of millet, sorghum and maize.
20
 Personal communication with Pablo Manzano Baena
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The relative low output per animal in the pastoralist system corresponds with low external inputs: no 
chemical fertilizers, external feed inputs (or at a very low level), machinery or irrigation are used, and a 
few antibiotics are used either, mainly because of poor access to veterinary services. The labour is 
supplied by household members. 
Nitrogen (N) and phosphorus (P) balances range between -1 kg and +1 kg per ha per year. There will be 
no surplus of nutrients going into the systems; rather, a slow depletion is more likely, especially when 
dung is dried and used for fuel or sold to horticultural farmers in the vicinity. There is a small risk of 
leaching, 9 kg N per ha and almost no P. The greenhouse gas emissions are estimated at 46 kg CO2 eq/
kg carcass weight (Opio et al., 2013). The use of dung as fuel causes health problems for the pastoralists 
(Bihari et al., 2014, 2013; Joon, 2014; Mukherjee et al., 2014; Singh et al., 2014). Access to public 
services is poor, e.g. health care and education. When children from pastoral communities are sent to 
schools they often end up leaving the communities, as a result of which there is a lack of doctors and 
lawyers, for example.
In India the increase of the human population is threatening the pastoral systems. For instance, the 
increase of motorized travel along migration routes causes animal losses. Moreover, the availability of 
grassland is reduced by increased farming activities driven by population growth. This also has an impact 
on traditional wildlife and ecosystems. Already a shift has occurred from a nomadic to a relatively 
sedentary existence in a restricted area. Moreover, the creation of national parks limits access to traditio-
nal grazing grounds and decreases the area available for the pastoral herds.
4.1.6 Snapshot 6: Brazil
Brazil is one of the world’s largest beef producers with an estimated 189 million head of beef cattle and 
production of over 9 million tonnes of meat (FAO, 2015a). It has the second-largest cattle population in 
the world (the first is India) and is one of the largest exporters of bovine meat in the world. Beef produc-
tion occupies more than 140 million hectares of land in Brazil, almost twice that occupied by all other 
crops (Ferraz and de Felicio, 2010). Production efficiency per hectare has improved by 25% in the past 
ten years (Brazilian Beef, n.d.). The dominant production system for beef in Brazil is extensive pastoral 
production, with an estimated 82% of all animals raised under this system in 2008 and the remainder 
produced via feedlots (Ferraz and de Felicio, 2010). 
Brazil is a large country with a huge variety in climate, landscape and agricultural production systems. 
Currently most of the beef production takes place in the Cerrado regions. A typical example of a beef 
cattle production system is located in the state of Mato Grosso, and has three separate components: 
cow-calf, stocker and feedlot. One ha of pasture is available per animal, rotational grazing is applied for 
the cow/calf and stocker operations. Roughage production is enhanced by the use of improved grasses, 
and the share of cultivated pasture (currently 65%) is steadily increasing with a decreasing share of 
natural pasture. A farm has typically up to 5,000 animals. The labour required is supplied by hired 
personnel and the farm owner who also owns the farmland. The types of animals are Brazilian Bos 
indicus breed types (in particular Nellore) and crossbred Bos indicus x Bos taurus cattle. Crossbreeding of 
the Bos indicus breed, adapted to tropical circumstances, with European beef breeds (Bos taurus) 
enhances productivity and improves meat quality. Farms generally use artificial insemination. A beef 
cattle herd of 300 animals produces on average 48 animals annually for slaughter or a total live weight at 
slaughter of 28,000 kg. The lactating animals are not milked, but only suckled by their calves. Potentially, 
by decreasing the age at first calving and by increasing growth, the annual production of this herd could 
be increased to 31,000 kg live weight at slaughter.
A typical beef cattle farm provides housing, education, health care and income for a number of house-
holds. The land area owned by the farm owner usually exceeds the area used for farming. Landless 
farmers and indigenous people use part of this unused land, and particularly when the beef production 
expands this can cause conflicts between the land owner and indigenous people.
Although the production of beef in Brazil is generally based on limited external inputs, the Brazilian 
system uses a relatively high level of inputs during the finishing phase in the feedlot. Pasture is the 
primary feed source for the cow/calf and stocker components. In the feedlot, feed rations are determined 
with minimal amounts of roughage and with by-products of the food industry, soy and grains. Fertilizer is 
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used both on pasture and on crop land to produce feed used for the feedlot. Machinery is used for field 
work and feeding in the feedlot. Irrigation is not practiced. A system for tracking and tracing meat has 
been implemented. Antibiotics are used in the feedlots.
According to the World Organisation for Animal Health (see www.OIE.int) some zoonoses do occur in 
Brazil, but due to the size of the country and climatologic and geographic differences, the health status 
differs between states. Track and trace is used to monitor the use of antibiotics, particularly for some 
export markets. Foot-and-Mouth Disease (FMD) is still endemic in Brazil. Most states in Brazil vaccinate 
against FMD. Working conditions for personnel are considered safe, and employers provide them with 
health services.
4.1.7 Snapshot 7: Tanzania dairy mixed feeding
Dairy production in Tanzania is dominated by smallholder production, particularly within the highland 
areas of the country where over 190,000 small-scale dairy farms operate (Swai and Karimuribo, 2011). 
In 2011 total dairy production in Tanzania was estimated at approximately 1.7 million tonnes (FAO, 
2015a).
The share of the smallholder farms in milk production is decreasing in Tanzania, while that of large-scale 
modern farms with grade cattle is increasing. The majority of the dairy cows on smallholder farms are 
crossbreeds of Friesian, Jersey and Ayrshire to the Tanzania Shorthorn Zebu with an average production 
of around 1,500 kg/year. A typical cattle herd of 5 dairy animals gives a total milk output of 7,500 kg. On 
average, one cow slaughtered annually delivers 320 kg of live weight.
 
The Tanzanian government aims to increase dairy production. Only 30% of the national milk processing 
capacity is utilized. Particularly, poorer urban families have low consumption of dairy products. Human 
nutrition can improve if more dairy products are included in the diet.
Most of the dairy cows in Tanzania are kept by mixed smallholder farms in the highlands with 1-5 cows. 
The land in the highlands is under considerable pressure since there is also intensive crop production. 
The feeding of dairy cattle is based on crop residues, roadside grazing and occasionally on fodder crops. 
Conservation of feed (roughage) is not very common and technically not easy at the smallholder level. 
Occasionally, concentrates or feed supplements are purchased. Feed supply and feed quality are major 
constraints for milk production. These farmers in rural areas focus on the local markets and have limited 
direct sales to consumers, and mainly rely on middlemen.
 
On the other hand, there are also smallholder dairy farms in urban and semi-urban areas. These farms 
have higher input levels and most of their milk is sold on informal local markets, which is generally more 
profitable than the formal market. There is lower production in the dry season compared to the rainy 
season. In the wet season more milk is marketed on the informal market. Overall, around 70% of the 
milk produced on smallholder farms is sold (mainly to informal markets), the rest is consumed at home.
The technical inputs to the Tanzanian mixed dairy system are low. There is limited use of artificial 
insemination. Fertilizer and irrigation are not used because the animals are fed with roughage from crop 
residues and sometimes roadside grazing is applied. No information is available regarding the use of 
antibiotics. 
Nitrogen (N) and phosphorus (P) balances range between -1 kg and +1 kg per hectare. N leaching is 
estimated at 8 kg per ha and P leaching is negligible. There is an increased risk of leaching when zero 
grazing is applied and animals are confined during the whole year, as most of the urine is lost. 
Greenhouse gas emissions are equal to 3.3 kg CO2-eq/kg milk (Opio et al., 2013).
According to OIE (World Organisation for Animal health), there are several zoonoses. Presumably, 
antibiotics are used to cure cows and residues in milk, which could contribute to antibiotic resistance, but 
it is not sure to what extent this happens. Poor feed conservation could cause problems with aflatoxin, 
but again it is not clear if this is the case. 
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4.1.8 Snapshot 8: India dairy mixed feeding
Milk production is the primary focus of cattle industry in India and is dominated by traditional small-scale 
production on farms of two to five cattle (IndexMundi, 2015). The Indian government started a project in 
2012 with the aim of doubling dairy production within 15 years while maintaining the small farm size. 
Key elements are improvement of rations, roughage production and roughage conservation, breeding 
(with optimum use of indigenous breeds) and the use of AI by improved logistics. In most areas coopera-
tives take care of milk collection and shipping to a milk processing plant (National Dairy Development 
Board, 2012).
90%-95% of dairy production in India comes from small mixed family farms, where income from dairy 
products is not the only source of income. Within India only in the state of Punjab larger farms with 50 to 
500 animals are more common. More than 50% of the milk comes from buffaloes (200,000,000 of the 
300,000,000 dairy animals are buffalo, the rest are cattle), but the milk from cattle and buffalos is not 
collected separately. Hindus in principle do not eat meat and the majority of the people in India are 
Hindu. This explains the huge demand for protein from dairy production for human consumption. 
A cattle herd of 5 dairy animals and their offspring produces each year a maximum of only 1 animal that 
can be sold or slaughtered for home consumption (350 kg of live weight) and a milk output of 5,000 kg, 
part of which is for home consumption, while the rest is sold. Hindus make up more than 80% of the 
population. Cattle are considered sacred in Hindu religion and as a consequence there is a strong reluc-
tance to slaughter cattle and other farmed animals in many regions in the country.
 
The intensity of the dairy system is medium high. There are national breeding programmes, and AI 
infrastructure exists for cattle and buffalo. Artificial insemination is used throughout the country. Fertilizer 
use is strongly supported by the Indian government and is cheap, but it is mostly applied for crop 
farming. Manure is mainly used as fuel. The feed consists of crop by-products produced in the vicinity of 
the farm. By-products from the human food industry are rarely used and there is little organized concen-
trate production. There is extensive use of machinery. Irrigation is used for crop production. Antibiotics 
are easily available and cheap, but milk is not regularly tested for antibiotics residues. From a personal 
communication, we understand that both mastitis and the use of antibiotics to cure mastitis are 
problems. 
Due to the frequent use of synthetic fertilizers and the purchase of agro-industrial by-products, N and P 
surpluses are relatively high: 148 kg and 23 kg per hectare, respectively. N leaching is estimated at 63 
kg per ha and there is almost no P leaching. Greenhouse gases are equal to 4.7 kg CO2-eq/kg milk (Opio 
et al., 2013).
According to OIE there are several zoonoses, and FMD is endemic. Because food security (protein supply) 
is a major concern of the government at the moment, surveillance does not have priority. Other public 
health aspects are residues of antibiotics in milk and aflatoxin from poor feed conservation. On the other 
hand, dairy products are the major source of animal protein in human nutrition in India.
4.1.9 Snapshot 9: The Netherlands dairy specialized
Dutch dairy production is based upon a large number of dairy farmers (approximately 17,000) organized 
into large cooperatives that are responsible for processing and distribution (Philippot et al., 2011). The 
consolidation of cooperatives has led to one cooperative controlling 75% of total production (Baltussen et 
al., 2014). Dairy production in the Netherlands is highly productive relative to other producing nations 
due to investments in research and development, and in mechanization and automation (ibid).
The Netherlands has a long-standing tradition of dairy farming, which traditionally occurred on soils 
where crop production was impossible or difficult. The country is more than self-supplying in terms of 
dairy products, and a large part of the national production is exported in the form of cheese. A typical 
Dutch dairy farm is a specialized family farm with around 85 dairy cows and young stock for replace-
ments. The Holstein Friesian (specialized dairy breed) is the dominant breed in the Dutch dairy 
population. 
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A typical dairy farm has around 50 ha of land available for grazing and crop production. Around 70% of 
the dairy herds have access to pastures during the grazing season for at least part of the day, otherwise 
the animals are indoors. Cubicle barns with slatted concrete flooring are the main housing type. More 
than 18% of the bigger farms use automatic milking systems. Roughage mainly consists of grass and 
silage maize. Besides roughage, cattle are fed a considerable amount of concentrates, part of the 
ingredients of which are imported via Rotterdam harbour. Particularly in areas with sandy soils, land is 
irrigated in dry periods during the growing season. Most of the milk is collected by dairy processors. 
Since April 2015 national milk production restrictions by the EU quota system have been dropped. The 
sector expects a growth of about 20% in milk production till 2020.
The Dutch dairy system is characterized by high input and high output per cow and per ha. The output of 
an average dairy farm consists of 700,000 kg of milk and 15,800 kg of meat from culled cows and 
heifers. Many dairy farms use their own manure as fertilizer and specialize in dairy farming. Some farms 
have a high animal density per ha and have to sell the manure to crop producers. Some of the farms are 
more multifunctional. They also engage in other activities, such as agro-tourism, education and health 
care, and they produce and sell cheese.
High inputs include the standard use of artificial insemination, the frequent use of fertilizer, the use of 
concentrates, a high input of machinery for feed conservation, milking and grassland management. 
Irrigation takes places in sandy areas during dry periods. The use of ground and surface water for 
irrigation is restricted by authorities. Most of the labour is supplied by the owner, contractors, family 
members and sometimes hired personnel. The use of antibiotics is high but programmes are in place to 
reduce the use of antibiotics by 70%.
 
Due to strict regulations, N and P surpluses have decreased in the last decades. Currently, the N surplus 
is 165 kg per hectare, whereas there is a tendency towards a P shortage of -8 kg per hectare. Calculated 
N leaching is 118 kg per ha and there is no P leaching. Greenhouse gases is equal to 1.4 kg CO2-eq/kg 
milk (Opio et al., 2013).
 
There are monitoring programmes in place for most zoonoses. Moreover, programmes to improve the 
health status of dairy cows and eradicate specific infectious diseases are in place. A programme to stamp 
out contagious diseases has been set up.
4.1.10 Snapshot 10: Indonesia dairy mixed feeding
In Indonesia there was no tradition of dairy farming, apart from some dairying introduced by the Dutch 
colonists. Moreover, dairy products traditionally are not part of the Indonesian diet. Since the 1970s a 
dairy sector was built up on Java through government initiatives starting with Holstein cattle imported 
from Australia. These animals were given to smallholder farmers, mainly on the island of Java in areas 
above 1,000 meters of altitude.
 
The number of smallholder farmers (particularly those that are landless) is expected to decrease, and the 
number of medium and large-scale farms will increase. Those large farms are expected to be partly 
landless or at least not self-sufficient for roughage. The demand for fresh locally produced milk is expec-
ted to increase in Indonesia because of the income increase and the fact that fresh milk is associated 
with health.
A typical smallholder farm holds about 2-5 cows, and many of them are landless and obtain roughage 
from roadside grazing or crop residues. Concentrates are available and farmers can obtain credit (repay-
ment through milk sales) to buy them. Roughage supply and quality is poor and often resulting in a too 
high amount of concentrates in the rations. It is common for farmer families to have additional sources of 
income besides milk production. Larger farms exist, and are usually owned by agricultural firms and/or 
milk processing companies. Cooperatives play an important role in the sector as intermediates between 
the primary farms and the milk processors. This system is similar to the situation in India. In addition to 
collection many cooperatives provide services such as artificial insemination, veterinary support, feed, 
financing and information services. The level of self-support in the country is still low, and more than 
50% of the dairy products are (partly) made from imported milk powder. The quality of locally produced 
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milk can be low, and therefore is mainly used for products with a long shelf life. Most of the global 
players in the dairy industry are represented in the country. Milk production is still concentrated on the 
island of Java, although there are some initiatives to expand dairy farming to the Sumatra and Sulawesi 
regions.
The estimated output of a farm with 5 cows is 350 kg of meat (live weight) and 7,000 kg of milk. The 
solid manure fraction is sold to crop farmers, while the urine leaks out of the system. Most dairy cattle 
are kept under zero grazing and fed by grass cut by the farmers along roadsides and by roughage from 
crop residues. At the farm the only machinery used are trolley milkers for milk harvesting as well as 
small choppers for roughage preparation. Milk collection centres use milk cooler tanks for storage and 
transport. Antibiotics are probably used. It is unknown if the milk is tested for residues. The work on the 
farms is done by both men and women. 
Due to the use of off-farm feed, N and P balances show relatively high surpluses: 65 kg and 6 kg per 
hectare, respectively. N leaching is 20 kg per ha and there is almost no P leaching. Greenhouse gases are 
equal to 3.5 kg CO2-eq/kg milk (Opio et al., 2013).
There are several zoonoses, including leptospirosis (see www.OIE.int), but information about prevention 
and control programmes is missing. Health risks are reduced because most of the milk is pasteurized by 
the milk processors.
4.2 Assessment and valuation of the snapshots
In this section, the results of an overall integrated assessment of livestock production systems is presen-
ted per group of snapshots (poultry, beef and dairy), and some snapshots are compared where such a 
comparison is viable and relevant. The indicators used for this assessment can be found per snapshot in 
annex A.
4.2.1 Poultry systems
Three different poultry systems in Tanzania, Indonesia and the Netherlands (snapshots 1, 2 and 3) were 
assessed. 
Productivity and efficiency
The poultry snapshots are very different in terms of productivity (output in kg protein) and efficiency 
(inputs per kg protein). Small-scale poultry systems produce less kilograms of protein per unit of input 
and are more labour intensive compared to medium and large-scale production systems. They also differ 
in their contribution to food security. Small-scale backyard poultry play an important role at the local 
level. They provide an essential part of the human diet and also represent an important income source 
for women. Medium-scale and industrial systems deliver to urban markets and are increasingly important 
for global food security.
In general input efficiency increases when farm scales increase, resulting in professionalization of the 
system (breeds, feed, veterinarian, climate control and disease control) and high investments. On the 
other hand, small-scale, backyard systems depend much less on external inputs (such as feed and 
antibiotics) and investments compared to large-scale industrial systems. Small-scale systems play an 
important role in food security and livelihood for many poor small-scale farmers and in some countries 
these systems are important for females. The productivity level of the backyard systems is so low that 
they are not able to feed large urban populations.
Natural capital
Chicken offers a relatively high protein production per unit of natural capital, compared to dairy and beef 
systems. The land-use change component in natural capital costs, associated with medium-scale and in 
particular large-scale poultry production, is relatively high and not significant for backyard poultry.
Increasing the scale of poultry production from snapshot 1 to 3 generally results in lower negative 
external impacts per kilogram of protein, but high concentrations of animals can have negative local 
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impacts that have to be mitigated. The latter are mainly linked to the accumulation of nutrients in 
manure. Manure is also a positive output of the poultry system as long as the density in the region is not 
too high. In countries like the Netherlands, manure (even dried manure) has a negative value and even 
becomes a cost for farmers.
Water pollution is considered to be negligible in the case of scavenging chickens and when manure 
management is well controlled. On the other hand, the negative impact of feed production on water 
pollution was not taken into account for poultry systems. The dependency of blue water use is also 
significant (but limited) for medium and large-scale poultry systems due to irrigation for feed production.
Animal and human health
Poultry production has a relatively high risk of zoonoses. This is the case for small-scale and large-scale 
production, but the mechanisms and risks are of a different nature. In small-scale systems people are 
more continuously in direct contact with animals. Industrial systems are more market oriented and are 
therefore likely to be better controlled. OIE figures (www.oie.int) show that many countries report a long 
list of diseases that are clinical in the country and often notifiable. This is also the case for poultry 
(related) diseases and zoonoses. 
Preventive use of antimicrobials is quite common in medium and large-scale poultry production, posing 
the risk of increasing resistance against antibiotics. Zoonoses should be controlled without excessive and 
preventive use of antibiotics. Antibiotics are often relatively cheap and used in a preventive way to hide 
the defects of the production system, but there are also best practices where high productivity is possible 
without the preventive use of antibiotics. In that sense, the interaction between the type of animal/breed 
and the level of management in the poultry system is important. Local breeds are generally more robust 
but less productive. Specialized breeds are important because of the high productivity but results will 
only be positive when good management is practised. 
Biodiversity and ecosystems
Poultry systems generally do not have a substantial direct impact on biodiversity and ecosystems. They 
are largely disconnected. Indirect impacts, however – through the production of feed – are substantial 
and depend on the location and intensity of crop production. Feed requirements, which are determined 
by looking at feed conversion rates (FCR – the ratio between feed consumed and protein productivity), 
are key factors for calculating land-use impacts. 
Backyard poultry are more integrated in local agro-ecosystems compared to medium/large scale. At the 
same time, backyard systems have no or a very limited negative impact on the ecosystem and biodiver-
sity. Medium and large-scale farms show no direct effect on ecosystems and biodiversity, but the indirect 
effects through feed should not be neglected. The relatively high land use in medium-scale systems 
compared to the industrialized systems is due to the lower yield of the crops for feed production.
Cultural heritage
Small-scale backyard systems, including the type of breeds used, often have additional value for 
agro-tourism and cultural heritage. This is not relevant for the more industrialized poultry systems. 
4.2.2 Beef systems
Three different beef systems in Tanzania, India, Brazil (snapshots 4, 5 and 6) were assessed. 
Productivity and efficiency
The beef snapshots are very different in terms of productivity (output in kilograms of protein) and 
efficiency (inputs per kilogram of protein). Pastoral systems produce less kilograms of protein per unit of 
land or input and are more labour intensive compared to medium and large-scale beef production 
systems. In general input efficiency increases when farm scale increases and more meat is being produ-
ced per hectare of land. This is only possible with a professionalization of the total livestock system 
(breeds, feed, veterinarian and disease control) and grassland management. The Brazilian system relies 
strongly on the availability of land, and relatively low financial capital and human inputs. The situation is 
the opposite in the finishing phase of beef production in feedlots in Brazil. Animals are confined in a 
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limited area and this phase relies on high external inputs (feed, antimicrobials and labour). However, in 
total, extensive beef systems depend much less on external inputs and financial investments compared 
to more industrial systems. 
Both pastoral systems and extensive, large-scale beef systems make an important contribution to food 
security, at the local level and beyond, and to the livelihoods of many poor small-scale farmers all over 
the world. Market orientation and the commercial trade of beef production increases along with the scale 
and production level of the system. The productivity level of the pastoral systems is so low that these 
systems are not able to feed large urban populations. The Brazilian system is characterized by a low 
input of labour per kg of protein. 
Natural capital costs
Beef cattle offers a relatively low protein production per unit of natural capital, compared to mixed dairy 
and poultry systems. The increase in scale of cattle production per farm results in lower negative impacts 
per kilogram of protein. Concentrations of animals in feedlots can result in local negative externalities, 
for example the leaching of minerals to the groundwater. These externalities should be mitigated by 
better manure management, for example. The latter are mainly linked to nutrient accumulation in 
manure (see the feedlot example in Brazil) or disease management.
Water pollution costs – associated with nitrogen (N) and phosphate (P) nutrients from excretion at the 
farm level are relatively high for the Indian pastoralist system compared to the Tanzanian pastoralist or 
Brazilian beef extensive systems. The costs of blue water use are negligible for the pastoralist systems 
and extensive beef systems in Tanzania, India and Brazil, because no irrigated blue water is used for 
production of feed.
Pastoral systems show high land occupancy per kilogram of protein produced. Extensive beef production 
systems in Brazil perform better because they use more specialized and efficient beef breeds compared 
to pastoral systems. Although pastoral systems have much higher land occupancy than extensive beef 
systems, pastoral systems make use of natural pastures and ecosystems and contribute to the mainte-
nance of those agro-ecosystems.
Animal and human health
Beef production has a relatively low human health risk. This is the case for both pastoralist and extensi-
ve, large-scale beef production. OIE figures (www.oie.int) show that many countries report a long list of 
diseases that are clinical in the country and often notifiable. This is also the case for beef cattle (related) 
diseases and zoonoses. However, health risks with beef regarding salmonella and campylobacter are low 
compared to other types of meat. Preventive use of antimicrobials is absent in pastoral systems but more 
common in extensive beef production system with feedlots. The more industrialized systems are market 
oriented but zoonoses need to be controlled as well as diseases, without the excessive use of antibiotics. 
Biodiversity and ecosystems
Pastoral and extensive, large-scale beef production systems have a direct impact on biodiversity and 
ecosystems through grazing. Substantial differences exist between the beef systems regarding land use, 
habitat encroachment, soil erosion and water pollution. But because of differences in soil fertility and 
climate, the comparability of systems is low. In general pastoralist systems go hand in hand with conser-
ving the ecosystem. If these systems are intensified the biodiversity will decline quickly. The main risk of 
pastoralist beef systems is overgrazing. Overgrazing can cause the entire ecosystem to collapse by 
erosion. The introduction of feedlots, however, increases the use of external feed sources. This can be 
by-products of sugar cane or citrus production but also soy and corn. For the latter products, the area of 
arable land will increase at the cost of grassland with lower carbon fixation, higher erosion risk, higher 
susceptibility to drought and higher leaching (at least of the urine but probably also of the faeces).
Herds of Tanzanian Maasai cattle graze on the Maasai Steppe, a region with a high biodiversity value and 
a high concentration of wildlife in the country. Traditionally, both cattle and wildlife use the Maasai Steppe 
for feeding. Pastoralist systems have a lower productivity per area of land, but a relatively high biodiver-
sity and ecosystem value. Transformation of pastoral land to agricultural land is taking place as a strate-
gy to improve the land’s productivity, but land degradation and declining soil fertility are important 
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trade-offs. A natural capital monetary valuation case study for the Maasai Steppe shows that conversion 
of steppe into farmland will result in overall natural capital loss. A recent publication in Nature also shows 
the negative impact of human activities, and the conversion and degradation of habitats, in particular, 
are causing a decline in biodiversity (Newbold et al., 2015). See chapter 5 for more details about the 
monetary valuation of natural capital in the Maasai Steppe.
Cultural heritage
The pastoral systems have a high bio-cultural value, including traditional lifestyles and maintaining 
indigenous livestock breeds. The pastoralist system is attractive for tourists. The Brazilian beef system is 
more specialized and this large-scale, extensive system has less additional value for tourism and cultural 
heritage.
4.2.3 Dairy systems
Four different dairy systems in Tanzania, India, the Netherlands and Indonesia (snapshots 7, 8, 9 and 
10) were assessed. 
Productivity and efficiency
Different intensities of the dairy production systems are the result of differing inputs per kilogram of 
protein. Productivity on a specialized dairy farm in the Netherlands is very different from the mixed dairy 
systems in Tanzania, Indonesia and India. Productivities of mixed dairy systems in Tanzania, Indonesia 
and India are in a similar range, which is much lower than a dairy system in the Netherlands. All dairy 
systems produce both milk and beef. The mixed dairy systems in India, Tanzania and Indonesia have an 
average of circa 5 cows producing 70 kg to 100 kg of live weight and 600-1000 kg of milk annually per 
animal. In contrast, the representative Dutch system assessed produces a far higher output per animal 
of more than 4,300 kg of milk and about 100 kg of live weight.21 Aside from live animals and milk, other 
outputs are not significant. Manure in the Netherlands is sometimes sold as fertilizer. Manure has to be 
transported because otherwise minerals will leach to the groundwater. This transport becomes a financial 
cost instead of a benefit if animal densities in a region and at farm level exceed threshold levels.
In general input efficiency increases as the farm scale in dairy systems increases and requires professio-
nalization of the system (breeds, feed, veterinarian, climate control, disease control and grassland 
management) and high financial investments. In the Dutch dairy system, additional concentrated feed is 
used to increase milk production per cow. The small mixed dairy systems in Tanzania, India and 
Indonesia are comparable with each other in the sense that milk cows are kept inside and fed with 
roughage, grass on roadsides and in particular crop residues. The inputs are low except for labour.
Natural capital costs
Intensive production systems (productivity in kg of protein per hectare of land) are usually associated 
with the increased leaching of minerals. However, although the Dutch mixed dairy system has the highest 
amount of nutrients leached per hectare of all snapshots, the water pollution costs per kilogram of 
protein produced are low due to its high productivity. Moreover, nitrogen leaching can be partially 
mitigated by permanently confining animals. The surplus of P at farm level is low for all systems and the 
surplus of kg of P per hectare is about zero. The Indian and Tanzanian mixed dairy systems also have 
lower water pollution compared to pastoral systems.
Both the type of feed used and the milk production per cow influences the land use. Dairy systems are 
generally more intensive compared to beef systems. In particular the Indonesian and Dutch dairy 
systems have a very low land use per kg of protein compared to the other two mixed dairy systems in 
Tanzania and India.
21
 Sold calves are in the meat part.
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Animal and human health
Dairy systems can have negative impacts on human health, food safety and antibiotic resistance. For 
countries with many smallholders, the health control, monitoring and organization is relatively difficult. 
OIE figures (www.oie.int) show that many countries report a long list of diseases that are clinical in the 
country and often notifiable. This is also the case for dairy system (related) diseases and zoonoses. Use 
of antimicrobials is limited in dairy production systems compared to other (industrial) livestock produc-
tion, but the use of antimicrobials often goes undocumented. Antibiotics are relatively cheap and easily 
available. 
Biodiversity and ecosystems
The studied mixed dairy systems in Tanzania, Indonesia India and the Netherlands have a relatively 
limited direct impact on biodiversity and ecosystems. The cows in the mixed dairy systems are kept 
inside, and exceptionally go outside for some grazing. Indirect impacts, however – through the produc-
tion of feed – are substantial and depend on the location and intensity of crop production. 
Cultural heritage
Agro-tourism is not clearly linked to mixed dairy production systems. However, cattle is considered a 
bio-cultural heritage, in particular also in India, where cattle are considered sacred in Hindu religion. As a 
consequence, there is a strong reluctance to slaughter cattle (but also other farmed animals) in many 
regions in the country. This also leads to a very high number of unproductive cattle in the country, 
making efficiency comparisons with dairy production systems in other countries quite difficult. 
4.3 Bottom-up quantitative assessment and  
valuation at snapshot level
This section presents the results of a quantitative assessment of selected impacts. The analysis comple-
ments the results of the top-down quantitative assessment considering externalities (and dependency on 
blue water) of specific livestock systems rather than looking at the livestock industry at the 
macro-level.22  
The analysis is based on a quantitative environmental and economic supply chain model consisting of the 
farm and feed imports for each snapshot. This model is based on local data where possible. As the data 
requirements for a bottom-up valuation are substantial, we needed to select which impacts23 and depen-
dencies to measure. Based on the materiality assessment and data availability, we chose the following 
scope:
• The impact on global warming of GHG emissions that arise via animal husbandry production systems;
• Water pollution of the production systems, with a focus on eutrophication for all snapshots;
• Land occupancy per unit of animal product for all snapshots and related biodiversity loss; and 
• The dependency of systems upon blue water for those snapshots where irrigation is used for feed 
production. 
All quantified impacts and dependencies are valued monetarily, except for land use as that impacts all 
ecosystem services involved on land and thus requires extensive data and modelling of the local environ-
ment and economy (see the next chapter for a case study of this analysis).
22
 A detailed comparison of the results of the two quantitative assessment can be found in annex B: Comparison bottom-up and top-down 
methodologies and results
23 
Productivity, use of farm inputs and on-farm impacts are modelled specifically to the livestock system, while for impacts in the supply chain of 
feed production country-level data is used, see Table 2.9
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To value GHG emissions, a social cost of carbon of US$128 is used (the 95th percentile estimate under a 
3% discount rate) (USIAWG, 2013). In order to estimate the value of blue water dependency, a residual 
rent method approach is used based on the increase in productivity from blue water and associated 
economic profit in each snapshot24 using local data. Water pollution is valued based on global monetary 
coefficients. Based on Weidema (2009) values of 0.42 euro (2003) per kg N-eq and 3.06 euro (2003) per 
kg P-eq were used. These values have been transfered to US dollars and corrected for inflation. For a 
detailed discussion of the these valuations see additional explanations provided in section 2.4.2 and full 
details in True Price (2016), section II.2 for GHG, II.3 for water dependency, II.4 for water pollution and 
II.5 for land occupation.
The results of the valuation of these externalities are further compared with retail prices, in order to put 
them in the context of the market for animal products.
 
The following sections illustrate the results of the bottom-up valuation for GHG, water pollution, land 
occupation and related biodiversity impact and dependency on blue water.
4.3.1 Greenhouse gases
The analysis confirms that poultry is the animal husbandry system with the lowest greenhouse gas 
emission per kg of animal protein. Among cattle systems, the Dutch dairy specialized system, interes-
tingly, also appears to be extremely carbon efficient, almost reaching emissions comparable to poultry 
production. The three extensive cattle systems have the highest greenhouse gas impact per unit of 
output (figure 4.1 and table 4.1).
The analysis also shows that greenhouse gases released as part of animal husbandry processes are 
primarily associated with 1) enteric fermentation in the beef and dairy systems with ruminants, 2) 
organic and synthetic fertilizer and, to a lesser extent, 3) fossil fuels related to transport.
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Figure 4.1 GHG Externalities for animal food products in the selected snapshots (USD/kg protein)
 
  
24  In this approach irrigated crop profits are compared with non-irrigated crop profits. The difference between these is divided by total water use to end 
up with an estimate of the added value of water to each specific crop
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Table 4.1 Breakdown of GHG externalities for animal food products in the selected 
snapshots (USD/kg protein)
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use N2O
1.29 1.44 1.44 14.35 15.72 12.13 2.67 4.52 1.40 3.90
Transport 0.00 1.62 1.62 0.00 3.54 3.50 1.43 1.93 0.82 1.36
Manufact. fuel
/electricity
0.00 0.00 0.00 0.25 0.27 0.24 0.18 0.29 0.22 0.24
Enteric fermentation 0.00 0.00 0.00 18.43 20.18 18.53 7.07 9.54 2.40 6.71
Organic waste
/manure - storage CH4
0.13 0.00 0.00 0.55 0.60 0.52 0.40 0.52 0.29 0.35
Organic waste/manure - 
storage N2O
2.36 0.18 0.18 0.76 0.83 1.32 0.99 1.36 0.23 0.99
Land-use change 0.00 1.08 1.08 0.17 0.18 0.22 0.07 0.07 0.08 0.03
Other 0.26 0.36 0.36 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 4.0 4.7 4.7 34.5 41.3 36.5 12.8 18.2 5.4 13.6
Assessments of the different Brazilian systems indicate that the intensification measures examined 
(improved pasture management and fattening in feedlots) reduce GHG costs by up to 20% (figure 4.2). 
The improvement in carbon intensity can be explained by the expected efficiency gains of introducing 
improved pasture management techniques and a fattening period (‘finishing’) in feedlots.
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Figure 4.2 GHG Externalities for Beef Production Systems in Brazil (USD/kg boneless meat)
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Figure 4.3 GHG externalities to retail price comparison for milk, poultry and beef correspondingly (USD/kg boneless meat). 
Note: the value on the top of the bar indicates the costs of GHG per unit of end product.
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Figure 4.3 shows how the external costs of GHG emissions relate to retail prices of meat and milk. This 
comparison makes it possible to understand the external costs and the costs borne by society as a whole 
as a result of the consumption of animal products in relation to the value of the products themselves. 
Furthermore, it can indicate to what extent internalizing these external costs within market prices, for 
example with environmental taxes or regulations, could affect the price of these livestock products. 
GHG externalities are a significant fraction of the price across all snapshots. They constitute 26% of retail 
prices on average for poultry snapshots. The picture is quite different for milk and beef. They constitute 
on average 57% of the retail price for milk, 114% for beef from extensive systems and 12% for beef 
from dairy systems. The exception is the Dutch dairy specialized system for which the GHG costs are 
only 19% for milk and 1% for beef of the retail price.
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Figure 4.4 GHG externalities in pastoralist and mixed farming systems (USD/kg protein)
The pastoral systems in India and Tanzania produce double the amount of GHG costs per kg of protein 
compared to the respective dairy mixed systems of each country. This is due to the fact that mostly beef 
is produced in the pastoral systems apart from very little milk produced for home consumption. Opio et 
al. (2013) also remarked on this effect. Indian dairy generates more GHG emissions than the Tanzanian 
dairy system because of the higher milk production per cow in Tanzania. 
When interpreting these results, note that most of the protein output in the dairy mixed systems is 
provided by milk, while in the pastoral system protein output primarily comes from beef production. In 
practice the ability to substitute milk for meat may have natural, social and economic limitations, which 
are discussed further in this report. 
Some of the snapshots considered are comparable as they are able to export. These include the 
Netherlands industrial broilers, Netherlands dairy specialized and Brazil beef grazing with feedlot. 
Comparing these systems is valuable as they all supply animal protein to the international market. The 
Netherlands industrial broilers snapshot is representative of an ‘international’ poultry system, as it 
embodies an industrial method observed in large parts of the world including Brazil and the U.S., which 
are among the largest producers of poultry worldwide.
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Figure 4.5 GHG externalities of systems able to export (USD/kg protein)
The Netherlands dairy specialized production system produces higher GHG costs per kg of protein than 
the Netherlands industrial broiler production system. Although GHG emissions from land-use change are 
relatively larger for industrial chicken systems (where 93% of the feed is imported vs 24% for the dairy 
system), the GHG costs are lower per kg of protein. This is mainly due to the absence of enteric fermen-
tation and a lower feed conversion rate.
The Netherlands dairy specialized system’s low carbon intensity is associated with its use of improved 
breeds and focus on animal health and nutrition standards, which lead to high productivity. The system is 
primarily designed to maximize milk production. A high replacement rate of milk cows in the herds 
results in high meat production. Total meat production per animal place in the Netherlands is comparable 
with the meat production in a beef system in Brazil.25 Notably, the beef systems in Brazil have a much 
higher GHG cost per kg of protein, due to the sole focus on meat production as opposed to meat and 
dairy and a lower production of meat per animal place than the Dutch dairy snapshot.
4.3.2 Water pollution
Water pollution costs are based on nitrogen (N) and phosphorus (P) nutrients surplus from excretion and 
synthetic fertilizer input at farm level leaching into water, which are estimated using IPCC-based leaching 
factors (IPCC 2006) and monetized with global coefficients for eutrophication cost, as presented in the 
bottom-up analysis methodology section. Water pollution from fertilizer use for crops used in feed at the 
supply chain level is beyond our scope, as tracing feed origin would require a considerable effort to 
collect data and the considered cattle snapshots rely more on grazing than on imported feed (see annex 
A).
The results indicate that nitrogen contributes far more to water pollution than phosphorus. The Tanzanian 
pastoralist system has the highest cost of water pollution per kilogram of protein produced among all 
snapshots at 4 US$/kg protein. This is mainly due to the low production per animal. 
The Indonesian dairy mixed feeding system and the Dutch dairy specialised system snapshots have 
considerably lower water pollution costs than the rest of the snapshots at 0.06 and 0.12 US$/kg protein. 
25
 See annex A. Much beef produced via the Netherlands’ dairy system ends up as ‘ground beef’ as opposed to ‘premium’ steaks, which leads to the 
question as to whether hamburgers are a reasonable substitute for steaks, especially when one also considers the impact on natural capital.
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For Indonesia the low impact is related to the relatively low use of external inputs (fertilizer and imported 
feed) that results in low leaching of nutrients. The Netherlands dairy specialized system has the highest 
amount of nutrients leached per hectare in all of the snapshots (figure 4.9) and the highest output in 
protein per ha. As a result the amount of water pollution costs per kilogram of protein produced are still 
low at 0.12 US$/kg protein. The considered beef oriented snapshots, which are extensive systems, have 
in general a higher water pollution cost per kg protein than dairy ones. This is mainly due to the lower 
protein production per hectare for beef compared to dairy. 
Poultry systems are considered landless systems in the context of water pollution so N and P leaching is 
not quantified in those snapshots because manure is removed and used as fertilizer. Surpluses of 
nutrients in chicken manure are therefore not attributed to poultry production but to the users of the 
manure, namely arable farmers.
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Figure 4.6 Water pollution costs for animal food products in the selected snapshots USD/kg protein
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A comparison between alternative Brazilian beef systems reveals that although improved pasture ma-
nagement reduces water pollution compared to pure grazing, complementing grazing with finishing in 
feedlots does in fact increase water pollution. This is due to the higher leaching of nutrients that is 
caused by manure in feedlots. The water pollution costs between the feedlot systems are similar because 
an increase in protein output also results in an increase in nutrient leaching per hectare, offsetting the 
gains in terms of USD/kg protein.
Water pollution costs for the Indian pastoralist buffaloes and Tanzanian pastoralist cattle snapshots are 
compared with the respective smallholder dairy system in the same country. The results indicate that 
costs are higher in Tanzania than in India. In both countries the dairy mixed feeding systems have lower 
costs per unit of protein produced than the pastoralist systems. This is primarily due to higher productivi-
ty of dairy mixed feeding systems. The leaching per hectare of dairy systems is quite high compared to 
pastoralist systems as can be seen in figure 4.9, but the higher productivity compensates for it resulting 
in lower water pollution costs when expressed per unit of output. The difference between dairy systems 
in Tanzania and India in biophysical (non-monetary) terms is due to a significantly lower use of fertilizer 
in Tanzania.  
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Figure 4.9  Footprinting – N and P leaching (kg/ha)
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The size of the water pollution externality in comparison with the retail price is shown in figure 4.10. 
Allocation, how much of the total emissions are attributed to milk as opposed to meat, plays an impor-
tant role in determining the differences between external costs of the two products for each snapshot, 
and it is based on the share of milk and meat protein in the total output. Poultry systems are not shown 
because water pollution was not quantified, as explained earlier. 
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Figure 4.10 Water pollution externality compared to retail price for beef and milk production (USD/kg bone-free meat or kg 
milk)
The external costs of water pollution are generally higher for beef than for milk. 
For milk, the ratio between water pollution costs and retail price has variations. Water pollution externali-
ties are 1% or less of retail price for Tanzanian dairy mixed feeding system, India dairy mixed feeding 
system, Indonesian smallholder dairy systems and the Dutch specialised dairy system. The ratio is 12% 
for the Tanzanian pastoral cattle and 9% for the India pastoral buffaloes. The leaching of minerals per kg 
of protein produced drives the results in all snapshots.  
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Similar conclusions can be drawn for beef, where the ratio between retail price and water pollution cost 
ranges from less than 1% to 5% for the dairy systems and reaches levels of 13 and 25% for the Indian 
and Tanzanian pastoral systems. The high levels for pastoralist systems is due also to the fact that 
almost no milk is produced by these systems, so the costs are entirely attributed to meat. The same 
applies to extensive beef production in Brazil, which does not yield any milk. 
4.3.3 Quantification of land occupation
As with the other analyses, land occupation is expressed per kg of protein to facilitate the comparison of 
different animal products. Land occupation is not monetized for all snapshots because of the methodolo-
gical challenges involved. Instead, results are here presented in square metres. Because not all land 
dedicated to agriculture or animal husbandry is the same, land occupation is divided between cropland, 
grassland grazing (with animals grazing mainly in fenced pastures), ranging (with animals covering large 
distances in non-fenced semi-natural grasslands) and roadside grazing. Distinctions between types of 
land use with different intensities are further analysed in section 4.3.4, in relation to the impact that 
livestock-related land occupation has on the original biodiversity.
In general, intensive systems occupy significantly less land than extensive ones per unit of output, 
because of lower feed conversion rates (less kg of feed per kg of growth or production) and higher 
production per hectare (due to higher inputs of fertilizers). Feed requirements, which determine feed 
conversion rates (FCR), are key factors for understanding land occupancy. Indigenous animal breeds and 
low digestibility feeds lead to higher FCRs, which results in higher land occupancy. Careful animal health 
management also has a positive impact on productivity and therefore on land requirements. These 
factors are reflected in the fact that there is generally higher land occupancy in developing countries than 
in developed countries. The effect is accentuated in regions with adverse climates and associated 
low-quality feed, such as in the drylands of Tanzania. 
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Figure 4.11 Land occupation – poultry, beef and dairy snapshots (m2/kg protein)
content  = former screennext page previous pagei
 Bottom-up analyses 103
The figures above (figure 4.11) compare all snapshots in terms of land occupancy per kilogram of 
protein. Poultry systems have the smallest land occupancy on average because of their low feed conver-
sion rate. The Indonesian dairy mixed feeding and Netherlands dairy specialized systems also occupy 
relatively smaller amounts of land since they are more efficient in producing protein than pure beef 
systems. Pastoralist systems are distinguished from extensive systems, as they have much higher land 
occupancy due to low grass yields and low animal productivity. The Tanzanian pastoralist cattle in 
particular is an extreme example of an extensive system, and its land requirements are double that of 
the Indian pastoralist buffaloes, an order of magnitude higher than that of the Brazil beef grazing with 
feedlots snapshots and two orders of magnitude higher than the dairy mixed feeding systems. However, 
in pastoralist systems, livestock grazes on natural grasslands, so this livestock’s occupation of the land is 
far from exclusive. Section 4.3.4 on land use and biodiversity and the in-depth case study on pastoralism 
in the Maasai Steppe (see chapter 5) refine this analysis by highlighting different impacts on biodiversity 
associated with different types of land occupation, and the benefits that local communities can extract 
from land given different land use or land management options.
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Figure 4.12 Land occupation – Brazilian beef production systems with different pasture management and finishing
Figure 4.12 compares different types of Brazilian beef production systems, including grazing, improved 
pasture grazing, grazing with feedlot and improved pasture grazing together with feedlot. This compari-
son is done to quantify how much more efficient the baseline snapshot of beef grazing with feedlot can 
be in terms of land occupation. Feedlot practices have the potential to reduce land use by 35% when 
combined, yet most of the nutrition for the animals (95%) is still provided by grassland grazing. 
Improved pasture management alone is less efficient than finishing in feedlots alone (14% as opposed to 
29% reduction in land use).
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Figure 4.13  Land occupation – pastoralist vs dairy mixed
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We also compare Tanzanian pastoralist cattle and Indian pastoralist buffaloes along with the alternative 
system of dairy mixed feeding in each country. Tanzanian pastoralism, the system with the highest land 
occupancy requirement per kg of protein produced, has much lower productivity in milk than Indian 
pastoralism. Limited access to markets, feed and water in Tanzania constrain animal productivity to very 
low levels. The results show that dairy systems based on mixed farming have much lower land require-
ments, since they produce milk and meat instead of only meat and because they rely upon crop residues 
and co-products. The Tanzanian and Indian dairy mixed feeding systems differ with regard to feed quality 
and herd composition. This translates into a feed conversion efficiency that is twice as high in India as in 
Tanzania. Additionally, crop yields in Tanzania are much lower than in India, resulting in much higher land 
occupancy. Crop yields in India increase with the application of fertilizers, but this also results in higher 
carbon emissions. This could be related to the fact that decreasing land use by increasing yield is a 
trade-off between land and carbon emissions, as it increases fertilizer-related emissions. Other factors, 
such as feed quality, animal health or carbon sequestration, can play an important role in reducing 
overall GHG emissions efficiency, however.
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Figure 4.14 Land occupation – systems able to export
Lastly, figure 4.14 compares key animal husbandry systems that are able to export, namely the Brazil 
beef grazing with feedlot system, the Netherlands dairy specialized system, and the Netherlands industri-
al broilers system. The two intensive Dutch systems result in land occupancy that is 35-50 times smaller 
compared to proteins produced by extensive beef systems. Interestingly, the Netherlands dairy speciali-
zed system is slightly better than the Netherlands industrial broilers system.
These results show that some types of production systems have much lower land requirements than 
others, and this difference can span one or more order of magnitude. 
4.3.4 Land use and biodiversity
Land-use and climate change are generally considered drivers from farming systems with the strongest 
impact on biodiversity and ecosystem services (Newbold et al., 2015). The impact of the poultry and 
cattle-based livestock systems on biodiversity in the snapshots is based on the approach outlined in 
section 2.4.4 with the information on greenhouse gas emissions (section 4.3.1) and land occupation 
(section 4.3.3) as quantified for the different snapshots. First the impact (1-MSA) is assessed per area 
(ha) of grazing land (figure 4.15) or per area cropland (figure 4.16). The impact on biodiversity per ha of 
production system is smallest for the pastoralist systems and is higher for the more intensive and 
feed-based production systems. To provide an estimation of the value of this biodiversity for local 
populations, chapter 5 contains a case study where the economic implications for natural capital conser-
vation of the Tanzanian pastoral system are examined more in detail.
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The poultry systems are only based on feed production. Subsequently the MSA loss per ha system is 
multiplied by the land-occupation area per kg protein (section 2.4.4) to get a quality adjusted area 
(MSA.ha kg-1 protein, 1 MSA.ha is equivalent to one hectare of land that has lost 100% of its diversity) 
(figure 4.17) a trade-off between intensity and efficiency of the production system becomes apparent. 
The results show that the pastoralist systems have the smallest impact per unit of area, but because 
they need a relatively large area per kg protein produced (section 4.3.3) their overall impact per unit of 
produced protein remains large (figure 4.17). The impact of feed production is relatively large per unit of 
area of production (figure 4.16). The overall impact therefore depends largely on the amount of feed 
used as input per kg protein as output (figure 4.17).
The low impact per area for the Tanzanian system indicates that these systems may better protect 
ecosystem functions and integrity locally, but at the same time the large areas needed for production 
have a larger overall biodiversity impact on overall biodiversity. Any sustainable intensification of the 
smallholder systems should try to combine the low impacts per ha with higher protein productivity.  
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Figure 4.15  Biodiversity impact per ha grazing land for the different snapshot systems. Note: the impact on biodiversity is 
expressed as the loss of MSA (1-MSA). The bars indicate the 95% confidence interval of the estimated MSA loss 
values; the lines indicate the average value, both based on Alkemade et al., 2009; Alkemade et al., 2013). The 
three poultry systems are considered to have no direct land-use effects through pastures.
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Figure 4.16 Biodiversity impact per ha cropland used for feed production and impact of the use of land for cropland on 
biodiversity for the different snapshot systems. Note: Impact on biodiversity is expressed as the loss of MSA. The 
bars indicate the 95% confidence interval of the estimated MSA values; the lines indicate the average value. 
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Figure 4.17 Total biodiversity footprint for the different snapshot systems (MSA.ha kg-1 protein; the area needed per kg 
protein x MSA impact, i.e. a value of 0.10 indicates that for the production of 1 kg of protein the equivalent of 0.1 
ha loses 100% of its biodiversity). A) footprint for the pasture area; B for the area needed to produce feed; and C) 
for total land use (pasture and feed). In A and B the bars indicate the 95% confidence interval based on that of 
the estimated MSA impact values (i.e. only 1 estimate of land-use areas is included); the lines indicate the result 
with the average MSA impact value. 
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The impact of GHG emissions shows a similar trade-off between intensity of production and efficiency of 
the production system (figure 4.18).
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Figure 4.18 Climate-change footprint based on the total GHG emissions in the different livestock production systems
4.3.5 Blue water dependency
A dependency is an input that ecosystems provide to agricultural systems. Examples of dependencies are 
green water, blue water, soil fertility or pollination, all important inputs to farming that are supplied by 
ecological processes. In this section we look in depth at quantifying the value of one of these dependen-
cies in the considered supply chains of animal proteins: blue water use, or irrigation, for producing feed 
for livestock. 
Blue water use occurs primarily in crop production (Mekkonen and Hoekstra, 2010). Combining data on 
feed requirement, trade of crops, regional yields and farm economics makes it possible to quantify 
irrigation water use per unit of animal protein produced and monetize the degree of reliance on this 
natural capital input of animal husbandry systems.
The valuation of blue (irrigated) water is based on the difference in farm profit as a result of blue water 
use. We define this additional profit due to irrigation as residual profit. As such it does not represent 
damage to the environment, as is the case for nutrient and GHG emissions, but rather a valuation of the 
degree to which animal husbandry activity relies on this form of natural capital. To illustrate this, if one 
looks at the retail price of any of the animal products, the amounts below represent the share of the 
value of that product that can be attributed to blue water.
The results show that only four of the considered snapshots actually benefit from irrigation water: 
Indonesia family farm and Netherlands industrial broilers for poultry, Indonesia and India dairy mixed 
feeding systems for cattle. The latter system is the one with the highest dependency on blue water per 
kg of protein produced, because crops in India are highly irrigated. Poultry systems that depend on 
imported feed also depend on blue water to an extent, although these dependencies are not as high 
because part of the crops, such as maize and soybeans, are primarily grown under rain-fed conditions.
A comparison of retail prices to the water dependency value does not have the same meaning as for 
negative externalities such as GHG and water pollution. Water dependency represents the value added 
by blue water to the overall product value. This is a very small part of the products’ retail price, as most 
of the crops are grown on green water: between 0.2% and 1.5% for milk and between 0.2% and 2.5% 
for meat. It is worth mentioning that in this analysis blue water footprints were attributed fully to main 
crops, rather than crop residues, following the approach defined by Mekkonen and Hoekstra (2010), 
which is assumed to be the accepted method for blue water footprinting. This allocation method differs 
from the ones used in other parts of this study, where allocation based on feed digestibility was used. If 
one would instead decide to allocate part of the water footprint to crop residues, the results could change 
significantly in three smallholder dairy snapshots where crop residues are about 70% of total feed 
composition (Tanzania dairy mixed feeding, Indonesia dairy mixed feeding and India dairy mixed 
feeding). 
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Figure 4.19 Value of blue water (USD/kg protein)
4.4  General results bottom-up valuation
The results presented up to this point provide an overview of the externalities of the considered 
snapshots of animal husbandry in relation to GHG emissions, water pollution and land occupation, as well 
as a quantification of their dependency upon blue water supplies. 
Comparing production systems across regions and species, natural capital costs fall in the range of 
3%-161% of retail prices for GHG and 1%-5% for water pollution across all snapshots, where the 
variability is explained by environmental performance and market prices of animal products. Dependency 
on blue water is found to be very small for all snapshots, between 0 and 2.5% of retail price. The main 
conclusion is that poultry production can provide animal proteins at a lower environmental impact than 
beef or dairy. 
There is one notable exception to this general conclusion: Due to its high efficiency, dairy production in 
the Netherlands dairy specialized system (snapshot 9) has natural capital costs that are in the same 
order of magnitude as poultry for land use and GHG emissions, as opposed to the other cattle systems 
studied, which generally have higher impacts. It should be emphasized that the system in question is a 
common Dutch dairy system on peat soils with good practices regarding mineral management. 
The analysis of the other three dairy systems showed a large variability of results. These are smallholder 
dairy systems that rely mainly on crop residues and roadside grazing for feeding. Their impacts in terms 
of GHG, water pollution and land occupation are the result of the interaction of many local parameters. 
The most important are the health conditions of animals, the quality of feed, manure management 
practices and the amount of synthetic fertilizer used.
Looking at the considered beef systems, namely the Brazil beef grazing with feedlots, Tanzania pastora-
list cattle and India pastoralist buffaloes, we see that GHG emissions and costs of water pollution are 
similar.
In Brazil efficiency improvements were compared for beef ranches. Where grazing is combined with a 
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fattening period or finishing in feedlots, it is shown to lead to a higher cost of water pollution, but a 
higher efficiency in terms of land occupation and a lower natural capital cost in terms of GHG emissions. 
Another major difference between beef systems lies in their land-use profile. Pastoralist systems use a 
much larger amount of land per unit of output, but they use it in a non-exclusive way which leads to 
lower effects on biodiversity. Pastoralist systems can extract value from the land on which they are based 
without affecting biodiversity and the internal value of natural capital. What this means in economic 
terms is further elaborated in the Maasai Steppe case study in chapter 5.
Within poultry, all the three variants studied are considered to be neutral in terms of water pollution and 
found to be similar in terms of GHG, although intensive poultry production is more efficient than medi-
um-sized industrial farms in terms of land and water use. Backyard chicken production also has low land 
use and low emissions since it relies on scavenging, swill and second-grade feed products. Interestingly 
this system appears to be efficient in terms of natural capital costs, although the possibility for scaling it 
up are limited by the availability of waste. Poultry farms are not considered to cause water pollution as 
manure is usually removed and used by other arable farms.
Finally, the analysis of the dependency of these animal husbandry snapshots on blue water for irrigation 
shows that this dependency is limited. The considered snapshots rely mainly on rain-fed crops, whether 
the feed is grown locally on farms or imported, with the exclusion of mixed farms in India.
Considering the decision context described at the beginning of this section, the following insights can be 
gained based on the results of the assessment:
•  Policy-makers and consumers alike can look to poultry and some forms of intensive dairy farming as 
the sources of protein with lowest natural capital impact. Dairy systems can supply natural capital-ef-
ficient protein not only in the form of milk, but also meat from surplus calves and of culled animals. 
•  In regions like East Africa and India, pastoral and smallholder cattle systems with a different focus on 
beef or milk, a varying level of intensity and reliance on inputs co-exist. Here there is a trade-off 
between lower water pollution, GHG emissions and land use in dairy farming vs conservation of 
biodiversity, and therefore other forms of natural capital value, in pastoralist systems.
•  Pasture management. In extensive beef production in Brazil, improved pasture management can lead 
to lower natural capital costs and higher output efficiency. 
The results corroborate the main conclusions from the top-down analysis and add granularity by conside-
ring different production systems and using mostly local data. The deviations in the results of the two 
assessments in specific cases are explained by this difference in scope and data sources used. A detailed 
comparison of the two assessments can be found in annex B. 
A more in-depth discussion of the relevance, implications and limitations of the results of this quantita-
tive impact assessment and valuation is provided in chapter 6. 
4.5 Key findings bottom-up analysis
Overall findings
• The environmental externalities of animal protein production are a large invisible cost. The comparison 
of carbon externalities with the retail price of livestock products shows that these vary widely from 
place to place and can account for 1%-164% of retail price for beef, 3%-161% for milk and 19%-37% 
for poultry meat. Water pollution costs fall within a range of 1%-25% of product prices. This implies 
that society as a whole nevertheless pays a significantly larger price due to animal protein consumpti-
on. 
• Beef farming has much larger natural capital costs compared to poultry farming, and mixed dairy 
farming, which also produces beef, has lower external costs than pure beef farming. This holds for all 
the environmental impacts considered, namely greenhouse gases (GHG), water pollution and land 
occupancy.
•  Chicken meat production requires the smallest amount of land per unit of animal protein produced, 
because of its low feed conversion rate and absence of grazing. Dairy mixed systems also occupy 
relatively smaller amounts of land, especially where productivity is high or reliance on pasture grazing 
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and imported feed is low. Extensive cattle systems result in the highest land-occupancy as their 
primary source of feed is pasture grazing. Land occupancy, however, can better be understood 
alongside the impacts on biodiversity and local communities that each production system has within 
its specific region. 
Snapshot specific findings
•  The production of beef as a ‘side’ product of intensive dairy farms with a high animal replacement rate 
is an alternative comparable to poultry in terms of the low impact on natural capital. This system, 
explored in its Dutch variation, appears to have land occupation and GHG emissions costs comparable 
to poultry, due to the system’s high efficiency. There are two important caveats to this conclusion: the 
first is that the quality of meat produced in this system may not be comparable to that of pure 
beef-focused extensive systems, and it is more suitable for ground meat products. The second is that 
due to the high animal density and import of nutrients, this system has a very high nutrient load per 
hectare, the largest of all seven beef and dairy snapshots.
•  The study of alternative beef systems in Brazil shows that improved pasture management and finis-
hing in feedlots can reduce GHG natural capital costs up to 20%. Looking at water pollution externali-
ties it is found that while improved pasture management reduces water pollution, finishing in feedlots 
increases it compared to pure grazing systems. 
•  Backyard chicken rearing is found to have an environmental profile similar to that of more developed 
poultry systems, in terms of GHG emissions and water pollution, while it provides animal proteins at a 
lower cost in terms of land occupation and blue water use. 
•  Pastoralist systems generally have lower natural capital efficiency than other cattle systems, and land 
requirements are especially high. However, as opposed to feed-based or pasture-based systems, 
pastoralism can reap benefits from semi-natural ecosystems without negatively affecting biodiversity 
and natural capital, as highlighted by the in-depth case study on pastoralism and landscape preserva-
tion in Tanzania.
Biodiversity impacts and dependencies of livestock production
•  Livestock has both direct and indirect impacts on biodiversity. The direct impacts through trampling 
and grazing and defecation appear to be smaller than the indirect impacts through land-use change 
(deforestation) and intensification of the land use creating homogeneous pastures for grazing and 
croplands for feed production, and climate change resulting from emissions of methane and other 
greenhouse gases.
•  In poultry, and more intensive industrial-scale livestock production systems the relation with land use 
and its impacts is more obscure. Although these systems are sometimes called “land-less” production 
systems, this is a misleading term. These systems still rely on (distant) cropland for production of the 
concentrated feed they import, spatially disconnecting the livestock and part of its biodiversity im-
pacts.
•  Intensification of livestock production is an important trend resulting from the increasing demand for 
animal protein. Intensification involves a further concentration of resources (financial, labour and 
nutrient inputs) to produce more livestock on the same unit of land. As a result intensification can 
influence livestock’s impact on biodiversity (and natural capital) in different ways. Locally the impact 
of more intensive production will increase, while at the same time demand for feed will increase 
leading to higher distant impacts. If, however, this increase in intensity is accompanied by an in-
creased efficiency of production (i.e. more kg of protein – or meat or milk, or eggs – per unit of 
inputs) then the overall biodiversity impacts per unit of product of protein may decrease. Because 
increasing efficiency is not always possible and is inter alia depending on local growing conditions, this 
does not mean that intensification is a solution under all circumstances. Moreover, the low impact per 
area for the smallholder systems indicates that these systems may better protect ecosystem functions 
and integrity locally, but at the same time the large areas needed for production have larger overall 
biodiversity impacts. Any sustainable intensification of the smallholder systems should try to combine 
the low impacts per ha with higher protein productivity.  
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Animal and human health
•  There is variation in the use of antibiotics within and between species
• Zoonosis exists in all regions and animal production systems. The impact of food-borne diseases is 
more or less unknown.
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5 Landscape level 
valuation:  
Maasai pastoralism  
in Tanzania
5.1  Introduction
The snapshot valuations in chapter 4 focus on a selection of impacts and dependencies along the supply 
chain. One dimension that has not yet been addressed is the value of livestock systems in managing 
landscapes and providing other benefits to humans, in addition to food supply. Making visible and 
quantifying this added value is vital in order to help policy-makers to make better decisions about 
agriculture, decisions that take ecosystems and the food system into account as an aggregate.
This chapter provides an in-depth study of natural capital in the Maasai Steppe in Tanzania, where 
pastoralism plays an important role in preserving grassland landscapes and the ecosystem services they 
provide to humans. In particular, this chapter is a valuation of the internal natural capital present in the 
region, as well as a valuation of the impact of conversion from a pastoral landscape to agricultural land. 
The analysis monetizes and compares the benefits derived by communities as natural capital stocks alter 
due to a major shift from a pastoralist cattle-rearing system to sedentary mixed crop-livestock farming. 
In addition to shedding light on the role of animal husbandry, land conversion and natural capital in the 
local context, it also presents a systematic approach to value the natural capital of regions.
A fully detailed explanation of the context, methods and results of this case study can be found in part III 
of the True Price Bottom-up Methodology report (True Price, 2016).
5.2  Context: the challenges of land conversion in the Maasai 
Steppe
Herds of Tanzanian Maasai pastoralists graze in the Maasai Steppe, one of the regions with the highest 
concentration of wildlife in the country. This area hosts some of the most visited national parks in 
Tanzania. Traditionally, both cattle and wildlife make use of the Maasai Steppe for feeding, as both wild 
animal populations and pastoralist herding systems are highly adapted to the extreme conditions of these 
arid grasslands.
In the past 40 years, however, agricultural land has been expanding in the region at a fast pace as 
traditionally nomadic local populations and immigrants from other regions of Tanzania settle down to 
establish farms in the region. This trend is viewed as unsustainable by many observers, including FAO 
(2009b). The expansion of farmland brings income to settlers, but it has a negative impact on both 
pastoralist populations and wildlife, as crops encroach upon migratory routes and the most fertile grazing 
areas are claimed by agriculture. Furthermore, as land in the Maasai Steppe is generally arid and not 
particularly suited for farming or keeping concentrated livestock, agriculture is characterized by low 
productivity and declining soil fertility. Degraded land that can no longer be used for farming or grazing is 
systematically abandoned.
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Figure 5.1 The regional scope
5.3 Impact measurement and valuation approach
5.3.1 Decision context
Policy-makers in the region face a critical trade-off regarding land conversion in the Maasai Steppe. Using 
land for agriculture is a more efficient way of extracting value from land to meet immediate food needs 
than traditional pastoral land use. At the same time the expansion of farmland is changing the region’s 
landscape, which is causing the decline of other key ecosystem benefits for local populations. Hence, it is 
important to know the full value that land creates for local people. In addition, it is important that local 
and global policy-makers understand the regional externalities caused by land conversion. To inform 
decisions about agricultural development and landscape conservation, valuation of natural capital is an 
important tool, as it sheds light on the hidden benefits and costs of pastoral grassland ecosystems and 
conversion to sedentary agriculture.
Monduli district
Simanjiro district
Lake Manyara national park
Tarangire national park
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5.3.2 Impact measurement
The scope of the system is natural capital and the local economy in the Maasai Steppe for current and 
future years. The geographical scope of the Maasai steppe consists of two large and sparsely populated 
districts, namely Monduli and Simanjiro, and two adjacent national parks, namely Tarangire and Lake 
Manyara. The total area of this region is 2.9 million hectares, comprising 72% rangeland used by pasto-
ralists and wild animals for grazing, 15% mixed agricultural land, 11% nature reserves and 2% degraded 
land (full explanations of the modelling and valuation approach as well as data sources and general 
definitions are given, respectively, in chapters 3, 4, 5 and 2 of part III of the bottom-up methodology 
report (True Price, 2016)).
Ecosystem benefits are defined as the benefits enjoyed, consumed or used by beneficiaries from ecosys-
tem services on a specific area of land. Because of the interconnectedness between ecosystem services, 
to avoid double counting only final ecosystem services are taken into account.26 Crops and agricultural 
products are also included. As a result, the following ecosystem services are quantified and valued in 
table 5.1. 
Table 5.1 Selection of ecosystem services quantified and valued 
Crops and livestock Traded products Subsistence Recreation
Beef and milk Honey and beeswax Wild foods Tourism revenues
Crops Gum Drinking water
Animal skins and hides Medicinal plants Non-timber forest products
This study examines the natural capital trade-off between pastoral (semi-natural) rangelands and 
farm land. Using land as farmland is much more efficient at extracting value from ecosystem services, but 
also leads to land degradation and abandonment in the longer term (FAO, 2009b; Kshatriya et al., 2007). 
To examine this trade-off between non-sustainable agriculture and very low productivity pastoralism the 
internal value of natural capital in the Maasai Steppe is calculated under three alternative scenarios.27 
High rate of conversion (= high speed) of rangeland to farmland (8% per year): leading to 
decline over time of some ecosystem services due to habitat encroachment and competition for the most 
fertile land.
Medium rate of conversion (=medium speed) to farmland (4% per year): a middle-of-the-road 
scenario, where farmland expands at a slower pace, but still eventually reaches critical thresholds.
Low rate of conversion (= low speed) to farmland (2% per year): which keeps habitats and 
ecosystem processes intact within a safe threshold.
Scenarios are key to the analysis. Projections of what would happen to grasslands, national parks and 
cropland in each land-conversion scenario are used as input parameters together with land-cover change 
rates. See chapter 2 for a summary of the approach used for the valuation and True Price (2016) for an 
extended explanation of methodology (part III, chapters 2, 3 and 4.1-4.4) and data sources (part III, 
chapter 4.5).
26
 Final ecosystem services are those that create direct (economic) value for humans. Intermediate ecosystem services, such as soil fertility or 
pollination are included by valuating their indirect benefits (i.e. crops and livestock). Regulatory services with internal benefits are included 
implicitly as they support the future supply of final ecosystem services.
27 
A discount rate of 3% was used to calculate the present value of future benefits.
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5.4 Results
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Figure 5.2 Annual ecosystem benefits
The two charts in figure 5.2 summarize the value of ecosystem benefits provided by land under different 
uses in one year in the Maasai Steppe. The results indicate that using land for agriculture is currently the 
most efficient way of generating value from natural capital, with value creation above US$73/ha, as 
opposed to US$52/ha for national parks and US$18/ha for pastoralist rangelands. Rangelands have the 
lowest average value creation, but the most diverse set of ecosystem benefits. The value per hectare 
calculated for rangeland is within the same order of magnitude as studies in other dryland regions, 
namely 59 PPP2014/ha in Jordan and 3 PPP2014/ha in Botswana. Similar services were considered in 
both studies. The average value of 1244 US$2007/ha provided by TEEB includes many regions with 
higher productivities. In addition, this average includes regulating services that are excluded, to prevent 
double counting (as they regulate future serve provisioning services), or are out of scope in this analysis. 
The value per hectare of mixed farming is based on a comprehensive review of mixed farming in the 
Maasai steppe (FAO, 2006). A comparison with national scale values provided by ILRI shows that the 
value of 275 PPP2014/ha is below the average of 1615 PPP2014/ha. However, the Maasai steppe is a 
relatively dry region and with very limited used of irrigation and other inputs compared to other agricul-
tural regions in Tanzania. In interpreting these results it is important to consider the scope chosen for the 
assessment. What is included are the final ecosystem services that enjoyed in the region (for rangeland, 
mainly products used by households, for farmland, crops and livestock products, for national parks and 
recreation). Furthermore, no distinction was made regarding which groups are beneficiaries and to what 
extent their livelihood depends on the services in question. This perspective was beyond the scope of this 
analysis, but it is an important angle to take into account. In this case, however, beneficiaries from 
farmland and rangeland in the region, pastoralists and settled farmers, often belong to similar or even 
the same groups (agro-pastoralist communities) (Homewood et al., 2002). 
Moving on from results per hectare to those on a regional basis, the ecosystem’s estimated annual 
generation of value in the Maasai Steppe today is 90 million USD. Livestock keeping in rangelands and 
crop production are the two main sources of ecosystem value in the Maasai Steppe, accounting respecti-
vely for 31 and 27 million USD per year, or 28% and 30% of the total annual ecosystem benefits in the 
region. Farmland, which occupies only 15% of the area, generates 37% of total regional ecosystem 
benefits.
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Figure 5.3 Internal natural capital value
Figure 5.3 shows the internal natural capital value of the Maasai Steppe, representing the discounted 
value of present and future benefits in alternative scenarios. It is estimated to be 2.7 billion USD for 
high-speed land conversion, 3.3 billion USD for medium-speed land conversion and 4 billion USD for 
low-speed land conversion. The value of farmland’s ecosystem services is roughly the same in all scena-
rios, as the largest area of farmland in the high-conversion scenario is compensated by lower average 
yields due to the expansion into less fertile land and an increased rate of land degradation. On the other 
hand, the value of ecosystems in rangeland and national parks is lower when the growth of agriculture is 
faster, due to habitat fragmentation and competition for the most fertile regions. 
The internal natural capital value depends both on the extent of ecosystem benefits as well as their 
sustainability over time. As the most fertile regions are converted first, the marginal agricultural benefits 
received by expanding farmland areas diminishes as expansion continues. However, continued expansion 
negatively affects ecosystem value creation of nature reserves and pastoralist rangeland, which both 
require critical land corridors to stay open for seasonal wildlife and cattle grazing. 
These results show that although agricultural ecosystems are currently providing the largest share of 
ecosystem benefits in the region, slowing down the conversion rate will increase the value of natural 
capital. The conversion of rangeland to farmland reduces the overall average value of ecosystems by 
reducing the average value of farmland, rangeland and nature reserves and increasing the share of 
abandoned land. These reductions are much higher than the additional value created by more farmland.
Sensitivity analysis
Every natural capital valuation contains considerable uncertainty and therefore a sensitivity analysis has 
been provided. The analysis is performed to test the robustness of the results, which include a ranking of 
alternative scenarios in terms of natural capital and the overall value of the Maasai Steppe. It tests 
assumptions regarding the extent and speed of the preservation (or decline) of ecosystem services and 
the rate of land conversion, as well as the discount rate. A cross-simulation was carried out on 21 key 
parameters (from annual change in livestock and population density, to revenue of national parks, 
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28
 An assumption that was not tested is that present socio-economic trends (agricultural technology, population growth, access to water and trading 
of grassland products) will not change in the future.
maximum extent of degraded land and discount rates of 2.5%, 3% and 5%) to test whether different 
assumptions would change the results significantly, and the resulting 3,000+ possible combinations have 
been analysed.28 
A cross-simulation was carried out on 21 key parameters (from annual change in livestock and popula-
tion density, to revenue of national parks and maximum extent of degraded land) to test whether 
different assumptions would change the results significantly, and the resulting 3,000+ possible combina-
tions have been analysed. The probability that the ranking of scenarios would not change under a 
different set of assumptions was found to be 74%, meaning that one in four of the combinations tested 
have a different ranking among scenarios. However, the probability that the low conversion-rate scenario 
would have a natural capital value above the high conversion-rate scenario was found to be 89%. The 
sets of assumptions that were found to most likely have high natural capital value in the high conversion 
scenario are those where the productivity trends of farmland (soil fertility), rangeland (average animal 
density) or national parks (revenues) would be considered the same in all scenarios. This means that 
agriculture could well expand without reducing natural capital, if it would do so without causing land 
degradation or posing threats to pastoralism and tourism.
Detailed results and a discussion of the key methodological strengths and limitations are found in 
chapters 5 and 7 of part III in the separate bottom-up methodology report (True Price, 2016). The 
sensitivity analysis can be found in chapter 6 of the same document.
5.5 Carbon stocks
The results described in the previous section refer to ecosystem benefits for local stakeholders, which 
contribute to the value of internal natural capital in the region. External ecosystem benefits provided by 
grasslands such as the Maasai Steppe include regulating ecosystem services such as water cycle effects 
outside this region, and carbon sequestration and storage, which benefit the global community. These 
benefits are usually higher in natural or semi-natural ecosystems, such as rangeland or national parks, 
than in agro-ecosystems, such as farms. The main reasons behind this are that with agriculture much 
carbon is removed every year in the form of crops and crop residues, and ploughing increases the 
respiration of soil micro-organisms and increases CO2 emissions. Their inclusion in the analysis is there-
fore not expected to reverse the conclusions. An analysis is performed in any case to compare differen-
ces in carbon stocks before and after land conversion to farmland in the three scenarios in question. 
Values of carbon stocks per hectare are derived from a literature survey, and the difference in terms of 
land cover between now and after 20 years is translated into losses of carbon stocks. Values of carbon 
stocks used for rangeland, agricultural land and degraded land are assumed to be 87 tC/ha, 59 tC/ha and 
31 tC/ha, respectively (based on Petz et al. (2014b)). 
The loss of carbon stocks is estimated for the high-conversion scenario, where the maximum area of 
farmable land is converted within 20 years, and the low conversion scenario, where not all farmable land 
is converted. The results are converted into CO2 equivalents and monetized using the social cost of 
carbon used throughout this report. 
The effect of land conversion on external natural capital value, which includes the carbon stock, are much 
larger than the effect on the internal natural capital value, in the order of US$15-24 billion rather than 
US$2-5 billion. It is very important, however, to note that the stakeholders affected by carbon stock loss 
are the global population, whereas the stakeholders affected by the loss of internal natural capital are the 
local stakeholders managing the land. This analysis shows that the interests of local and global stakehol-
ders do not conflict in this case but are aligned.   
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Figure 5.4  Value of carbon stock losses due to land-cover change in the Maasai Steppe, Tanzania (in billion USD) 
5.6 Interpretation
The Maasai Steppe is facing a trade-off between increasing the short-term efficiency of land use by 
expanding agriculture, and preserving its rangelands, which are crucial for the functioning of not only 
pastoralist communities living on grassland-based livestock but also wildlife migrations and national 
parks. This research takes a geographically specific approach to quantify annual ecosystem benefits 
provided by different types of land use in this region. Possible future land conversion is developed in 
dynamics scenarios and compared in terms of how they determine the internal value of natural capital in 
the whole region.
Quantifying direct material benefits that people receive from land and ecosystems in this region shows 
that although the management of rangeland landscapes by pastoral communities has many side benefits, 
agricultural ecosystems are also important in the Maasai Steppe, and generate much higher ecosystem 
value per hectare than other land uses. However, when trends in growth and the decline of available 
ecosystem services are taken into account, it appears that slowing down the rate of conversion to 
farmland will increase the internal natural capital value of this region, which depends not only on the 
level of ecosystem benefits but also on its sustainability over time. Furthermore, because the potential 
reductions in carbon stocks related to land conversion have a high external cost, the global community 
also has an important stake in land-conversion dynamics in Tanzania. This provides a rationale for the 
global community to support efforts in the region towards ecosystem preservation that involve and 
benefit local stakeholders. 
Pastoralism provides much more than meat and milk in the Maasai Steppe. By preserving the delicate 
rangeland landscape over time, it allows local populations to keep enjoying a broad range of benefits that 
depend on it, of which the most tangible ones – food, materials and water – were quantified here. Other 
ones, such as contributing to the cultural identity and the financial buffer of local populations, are also 
important, however. Beyond that, pastoralism also maintains the open space that wildlife in the region 
needs for seasonal migrations, contributing substantially to the value of national parks. Nonetheless, 
increasingly pastoral communities are resorting to crop farming, because of its short-term benefits. Many 
households are switching to agriculture or have started to combine arable farming with pastoralism. This 
trend is fragmenting the region’s agricultural landscape, however, which can provide higher revenues in 
the short term but is likely to lead to high losses for the local population in the long run. Not only does 
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agricultural land decrease the diversity of the benefits, but crucially it also generates a less sustainable 
stream of ecosystem services over time. This study quantified the potential losses, compared to a 
scenario where rangelands are conserved to a minimum extent, to be in the range of US$2-3 billion for 
the whole region, taking into account only the final, tangible, ecosystem services mentioned above. This 
is because, contrary to farming, pastoralism in Tanzania can be seen as a landscape conservation system 
that benefits a range of different stakeholders in addition to the herd owners. The link between such 
benefits and pastoralism, however, is economically invisible, and there are no incentives for pastoral 
populations to keep fulfilling these functions instead of shifting to sedentary agriculture. This gap could 
be filled by the introduction of economic mechanisms meant to facilitate the internalization of externali-
ties. One of these mechanisms is payment for ecosystem services, which makes it possible to conserve 
the ecosystem, in this case by pastoral land management, to be economically rewarded by a share of the 
revenues enjoyed by the current beneficiaries of ecosystem benefits29, in this case tourism operators.
More generally, livestock and agricultural systems do not exist in isolation, but instead have a complex 
relationship with the local ecosystems and local economy. The analysis presented in this chapter propo-
ses an innovative method to measure the value that ecosystems (including agricultural ones) supply to 
human populations. Investigating the hidden benefits and costs of the shift from pastoralism to seden-
tary agriculture in Tanzanian grasslands has highlighted the fact that slowing down this conversion can 
create measurable natural capital value for local stakeholders.
5.6.1 Relation with the bottom-up snapshot analysis
These results can be used to add an economic layer to the analysis of pastoralism in Tanzania presented 
as part of the comparison of livestock snapshots in chapter 4. 
Section 4.3.4 (‘Land use and biodiversity’) combined biodiversity impact factors (based on mean species 
abundance - MSA) with the land occupation results for the ten livestock snapshots to provide biodiversi-
ty-weighted land-use results. It highlighted the fact that the Tanzanian pastoralist system has a low 
impact on biodiversity (~95% of pristine MSA) per unit of area where it is practiced, but at the same 
time also has very low land productivity in terms of kg protein produced per hectare. 
This case study, however, takes a geographical perspective, looking at a region rather than a production 
perspective, which looks at animal protein, and a broader scope, by including more ecosystem services. 
It also focuses on only one of the considered snapshots (as the other Tanzanian cattle system, dairy 
mixed feeding, represents livestock farming in more humid parts of the country and is not comparable to 
the no-input-low-output farming practiced in the Maasai Steppe).
What the analysis of MSA impact per area captured in terms of biodiversity conservation, this case study 
quantifies, from the local perspective, in economic terms. This different angle of internal natural capital 
value in alternative scenarios shows the economic value of biodiversity conservation by pastoralism that 
the MSA indicator highlighted. For local conditions and effects on groups of beneficiaries of ecosystem 
services, it is especially this regional economic impact that is relevant. The impact on biodiversity per 
unit of protein becomes more important on a global scale.
29
 For an overview of what are referred to as community-based payments for ecosystem services, see Dougill et al. (2012). These kinds of 
economic incentives are being applied in at least one instance in the Maasai Steppe region (Nelson, 2012; Sumba et al., 2005).
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5.7 Key findings in-depth study Maasai Steppe
The in-depth case study on pastoralism and landscape preservation adds an additional layer to the 
bottom-up valuation of the snapshot regarding the pastoralist beef system in Tanzania. An analysis of the 
internal value of natural capital takes a regional approach to provide a closer look at what other benefits 
pastoral rangeland ecosystems provide to human populations in the Maasai Steppe, beyond meat and 
milk production. 
• The internal natural capital value of the Maasai steppe is estimated to be 2.7 billion USD for high-
speed conversion from pastoral rangeland to agriculture, 3.3 billion USD for medium-speed land 
conversion and 4 billion USD for low-speed land conversion.
• Comparing three scenarios of different rates of land conversion from rangeland to agriculture, it 
appears that less pastoralism leads to less ecosystem value in the long run, although farming has the 
highest value in the short term. This result is explained by the negative effect of agricultural expansi-
on on pastoralist access to grazing lands and on wildlife populations in national parks, together with 
the unsustainability of current farming patterns in the region.
• Although valuation always implies an intrinsic degree of uncertainty, a sensitivity analysis reveals the 
robustness of the main conclusion of the study. A scenario where conversion of land to agriculture 
slows down has a higher internal value of natural capital compared to a scenario where it expands 
rapidly with an 89% confidence within the considered uncertainty ranges.
• Additionally, carbon emissions due to land-use change are also an important externality of conversion 
to agriculture, estimated to range from 15 billion USD in the low speed scenario to 24 billion USD in 
the high speed scenario. Expanding the analysis to carbon stocks confirms that the interests of global 
communities are aligned with the local community, as global communities will also benefit from a 
slower rate of conversion.
•  Animal husbandry provides the largest share of benefits from ecosystems for the local population in 
the Maasai Steppe. Pastoralism and sedentary farming both contribute equally to this value creation, 
mainly through food production, although skins and hides are also marketable products in this region.
• Two other large components of natural capital value in the region today are crops and tourism. A 
literature study reveals that these two activities are in competition, as expansion of farmland threa-
tens wildlife migration corridors, negatively affecting animal populations, which in turn are the basis 
for touristic values.
•  Other forms of direct value creation from ecosystems and biodiversity are raw materials, wild food and 
medicinal herbs, drinking water and forest products such as honey and beeswax. These goods have a 
lower market value but can still constitute an important means of subsistence for the local population.
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Picture 5.1 Maasai herds
Picture 5.2 Maasai herdsman
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6 Discussion
6.1 Findings in perspective
In average terms, the natural capital costs per kg of animal protein were found to be the lowest for 
chicken and the highest for beef. Milk was found to be in an intermediate position for all snapshots 
considered, and in the case of the top-down approach for some specific countries there was an overlap of 
intensities for milk and poultry. Land-use change and greenhouse gas emissions were found to be the 
dominant factors in determining the natural capital costs per kg of protein for the three commodities: 
milk, poultry meat and beef. 
Differences in greenhouse gases and land use between commodities can largely be explained by three 
factors:
a  Enteric fermentation is a large contributor to GHG emissions in cattle systems, but not in poultry sys-
tems;
b  The large difference in reproduction efficiency: average cow fertility is 0.75 to 0.85 calve per year; 
the reproduction cycles in chicken are far shorter and number of offspring per hen is far higher. This 
is also the case in the backyard systems. The low reproduction efficiency is especially important in 
pure beef systems (Opio et al., 2013);
c  Feed quality; digestibility of animal rations is higher for chicken than for cattle, especially in the 
cattle systems in developing countries where crop residues are an important fraction of the ration. 
High feed quality improves feed-conversion rates, which reduces feed requirements and hence the 
greenhouse gases and the land use per unit of protein produced. 
These findings are in line with those of de Vries and de Boer (2010). The study also showed that there is 
a large variation within species, with beef having the highest intensity, followed by milk and poultry 
meat, which overlap in some instances in terms of GHG emissions and also land use. It should be noted 
that as Gill et al. (2010) demonstrate, the relative intensity between species could also be affected when 
considering the human edibility of the feed.
In addition, if other issues such as animal health or additional benefits provided by livestock could be 
quantified and valued, a more integral assessment of the relationship of livestock systems and natural 
capital could be made. Integrating these issues could also alter the order of species with regard to total 
natural capital costs and their benefits. For example, as described in section 3.3 animal health has a 
direct impact on human health, and the risks of zoonoses in poultry production can differ from the risks 
of zoonoses in cattle production. 
We suggest that an integral assessment of livestock production systems and their linkage to natural 
capital, especially if species are compared, should include animal and public health, human edibility of 
feed and the benefits that different livestock species provide. For the moment, those inclusions are not 
feasible as indicators because the data and models to evaluate them are lacking. 
6.2  Scope of the livestock study
The present study about livestock production systems is restricted in two ways. First, important sectors 
such pork production, egg production and also goats and sheep are not taken into account. The second 
restriction is that even within the beef, milk and chicken meat supply chains we had to make choices in 
the bottom-up approach among the snapshots. The main reasons for limiting the scope of the study were 
data and resource availability.
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The beef, milk and chicken meat sectors were proposed because these sectors are the main suppliers of 
animal proteins in almost all countries in the world and because several scenario studies expect the 
production of beef, milk and chicken meat to grow in the near future. A complete overview of the positive 
and negative impacts of livestock production systems would have to take into account the production of 
eggs, pork and goat/ sheep meat and milk. 
For an integrated assessment of the livestock study the total supply chain of feed production till con-
sumption of the produce should be taken into account (from ‘cradle to grave’). See TEEBAgriFood 
framework (Interim report 2015, figure 2.2) as an example30. 
Within this study the focus was on the ‘farm level’ and the feed production outside the ‘own’ farm was 
taken into account as well. From life-cycle analysis (LCA) studies we know that most of the impact of 
livestock production is related to feed production and on-farm activities (see Thoma et al., 2013). 
However, the supply chains differ a lot among the snapshots which have been taken into account (own 
consumption, transport, processing and consumption). These differences do have an impact on liveli-
hoods and ecosystems. The second reason to limit the assessment to the farm gate is the lack of infor-
mation and data. For example for GHG emission GLEAM has coefficients for the total supply chain 
(including processing and consumption), but this data is not available for other externalities. For the 
bottom-up approach data on home consumption, informal markets and processing, for example, is 
lacking, especially for pastoralist and smallholder systems. But LCA studies are often limited to the farm 
gate for Western markets with a lot of information as well.
6.3 Individual dietary preferences 
In the previous chapters it has been assumed that production will largely follow the consumption needs 
of local people. If humans would adapt their diets and eat less meat or drink milk instead of eating beef 
the total natural capital costs could be far lower in the future. The reality, however, is that humans are 
unlikely to change their diets easily (Higgs, 2015). Consumers do not think in terms of kg of animal 
proteins but in products such as beef, milk, cheese, pork or chicken meat. Aspects such as health, low 
prices, easiness to prepare, societal norms, habits and conscience are leading drivers for consumers 
when buying food in industrialized countries. So even if chicken meat has far fewer natural capital costs 
than beef it will be hard to substitute beef for chicken meat in the diet. Also a reduction of animal protein 
consumption would have a big impact on total natural capital costs because the expected increase of 
production in the future will be less. The same is true when food waste is reduced. The impact of redu-
cing the amount of animal protein in the diet of people in industrialized regions should not be overesti-
mated. An assessment, based on FAO (2006), assuming that animal protein consumption will decrease 
by 50% in industrialized regions (Europe, North America and Oceania) shows that an increase in the 
consumption of animal protein is likely at a global scale. Figure 6.1 is a modification of the graph by FAO 
(2006). 
800
700
600
500
400
300M
eg
at
on
200
100
0
2000 2010 2020 2030
Milk
Milk at 50% in 
industrialized world
Meat
Meat at 50% in 
industrialized world
Year
Figure 6.1  Global consumption of meat and milk until 2030, based on calculations by FAO (2006) and providing consumption 
in industrialized countries falls by 50% over that period. Graph based on FAO (2006)
30 
see http://img.teebweb.org/wp-content/uploads/2016/01/TEEBAgFood_Interim_Report_2015_web.pdf
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So even if drastic changes occur in consumption patterns in industrialized countries, global meat and milk 
consumption will increase, because of the strong increase in developing countries.
6.4 How to meet future demand
This increase in consumption will require an increase in livestock production. The assessment of the 
livestock production systems in chapters 3 and 4 were done in a static way, looking at snapshots in time 
and the annual environmental impacts of producing animal protein. The increased production will go 
hand in hand with changes in livestock production systems and shifts from one livestock production 
system to another. Some of the expected developments are:
a Livestock production systems become more efficient; more output (milk, beef) is produced with less 
input (feed) with the same throughput (cow);
b Intensity of livestock production systems (there can be a trade-off between GHG emissions in low-in-
tensity systems and water quality effects in high intensity systems); and 
c Animal proteins can be produced by different species and end up in different products (eggs, milk, 
beef, pork, chicken meat).
From the top-down and bottom-up assessment we know that positive and negative externalities strongly 
depend on: 
• livestock species (per unit of protein negative externalities are increasing in the order of chicken meat, 
milk and beef); 
• intensity of livestock production systems (more intensive usually means fewer negative externalities); 
and 
• increased efficiency or productivity (in a livestock production system, negative externalities decrease 
if more output is produced with the same input or the same output is produced with less input).
In box 6.1, Gerber et al. (2011) describe the productivity development and impact on greenhouse gases 
for different dairy production systems. From this research it can be concluded that in the dairy sector the 
production of milk can increase without increasing greenhouse gases. This is especially an opportunity for 
smallholders with a present annual production per cow of less than 500-1,000 kg FPCM. This is less true 
for dairy systems with high production levels of 4,000 or more kg FPCM. Intensification can also be 
expected to lead to lower land requirements, but higher nutrient surpluses. Whether it would correspond 
to a net benefit from a natural capital point of view depends on local conditions, such as the risk of 
eutrophication of local water bodies and the degree to which land in the original smallholder systems 
provided co-benefits to the local population, i.e. ecosystem services, in addition to meat and milk.  
6.5 Supplying animal proteins without losing natural capital 
6.5.1 Scenarios show a huge production increase in Africa
Scenario studies have been used to get a sense of how the production and consumption of animal protein 
might evolve.31 Scenario analyses have the advantage that the long-term fundamentals of demand 
(consumption) and supply (production) are regarded jointly, within consistent storylines and quantificati-
on. We summarize the main results of shared socio-economic pathways (SSP 1: low challenges: SSP 2: 
medium challenges: SSP3: high challenges). As key resources for the scenario analysis we will use the 
African Livestock Futures report (Herrero et al., 2014) and the results of the ANIMALCHANGE project, 
including a report on storylines and driver quantification (Soussana, 2012) and the preliminary quantifi-
cation of scenarios (Havlik et al., 2013). This choice also implies that only results for Europe, Latin 
America and sub-Saharan Africa are available.
31
 In our analysis we will make use of the Shared Socioeconomic Pathways. This framework was developed for the IPCC AR5 report. It consists of a 
set of storylines for global development pathways up to 2050 with an accompanying set of assumptions on population/income growth and 
headline rates of technological change. These assumptions are used to assess expected growth and composition of protein demand and the 
composition of the supply response and the related change in natural resource use. The analysis makes use of published modelling results which 
indicate how the technological change in the livestock sector is distributed in terms of the progress in efficiency across various systems.
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The year 2050 has been widely referred to as a benchmark for exploring a range of systematic transfor-
mations for food systems around the globe. The livestock sector is essential to solutions for making 
agricultural production systems more responsive to nutritional and environmental concerns (IAASTD, 
2009; UK Foresight, 2011). Policy-making on food security, climate-change mitigation and adaptation 
requires a time-frame with compounded effects over time. Given these pathways we analysed what role 
the different snapshots can or will play in the future and what impact this can have on the positive and 
negative externalities.
Box 6.2 describes the main characteristics of the scenario study. Table 6.1 summarizes the results 
regarding the supply of animal products in terms of calories per region. The calculations show that the 
production growth of animal calories in the coming decades is set to rise in Latin America and even more 
in Africa and the Middle East. The supply of animal calories is expected to grow by 5% to 10% in Europe, 
60% to 140% in Latin America and 230% to 300% in Africa and the Middle East. This increased supply is 
connected to the expansion of cropland and grassland (see table 6.2). In total 600 million ha will change 
from forest and natural land to cropland and grassland. The increase is large in Africa and the Middle 
East (about 50%); substantial in Latin America (+30%) and marginal in Europe (<5%). The calculated 
impact on GHG per scenario differs substantially. In scenario SSP1, GHG related to animal production go 
down from 7,000 million tonnes CO2 equ in 2000 to 6,000 million tonnes in 2050, while SSP2 has an 
increase of GHG to a level of 9,000 million tonnes in 2050. The results of the scenario study also state 
that for monogastric production (mainly pigs and poultry) the growth will be in industrialized systems. 
For ruminants the mixed feed system will survive where, especially in Africa and the Middle East, the 
majority (67%) of the production will still come from smallholders in 2050 (Deliverable 2.2 Animal 
change). Although the ANIMALCHANGE project does not describe the impacts of the different scenarios 
on the ecosystem, it is obvious that huge impacts on ecosystems can be expected in regions such as 
Latin American, Africa and the Middle East where animal production will grow. The final impact on the 
ecosystem will strongly depend on the type of scenario. Negative impacts on ecosystems can be minimi-
zed if total demand is lower, efficiency is increased and losses and waste are decreased.  
Table 6.1  Results1:Supply of animal calories by region (percentage increase 2000 to 
2050)
Region ScenariO²
Sustainability SSP1 Middle of the road SSP2 Fragmentation SSP3
Europe 5 10 5
Latin America 60 140 130
Africa & the Middle East 280 300 230
1 
from Deliverable 2.2 Animal change, http://www.animalchange.eu/Content/deliverables.html 
2
 for scenario description see box 6.2
Table 6.2  Results1: expansion of grassland and cropland (in percentage of increase per 
region as part of total increase in the world in SSP 2 ‘middle of the road’)
Region Cropland Grassland
Europe 4 1
Latin America 30 27
Africa & the Middle East 55 43
World 100 100
1
 from Deliverable 2.2 Animal change, http://www.animalchange.eu/Content/deliverables.html
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6.5.2 People are moving to urban areas
All over the world, people are expected to move to urban areas, and the number of people living in rural 
areas is therefore expected to decline. This trend is especially evident in Africa and Asia. The demand for 
animal protein is therefore likely to increase in urban areas. 
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Figure 6.2  Number of people living in rural and urban areas in Africa, Asia and Central and South America and in developed 
countries (Europe, North America and Oceania). Source: UN statistics (www.un.org)
6.5.3 Response per species and snapshots
Poultry
Regarding the poultry systems, it is likely the number of animals kept in backyard systems will stay 
constant or slowly decline, in line with the size of the rural population. In rural areas the backyard 
system will continue to supply local needs. To feed the future influx of people into urban areas, commer-
cial industrialized production systems will expand strongly, together with the feed supply industry, 
veterinarian services, slaughterhouses and the meat-processing industry (see ILRI, 2015). The industria-
lized production system will not replace the backyard system, but it will produce what is needed for the 
increased demand. On a global but also on a country scale, a shift from backyard systems to industriali-
zed systems is expected (in terms of % of total production). Indeed, this process has started already in 
all parts of the world. The mix of a semi-intensive and an industrialized system will strongly depend on 
the organization of the supply chain. If the world’s major poultry companies get involved, industrialized 
production systems are likely to emerge because they are more efficient. Regarding the natural capital 
costs, the differences between the two systems are essentially negligible. There are two important 
aspects that need to be addressed. The first one is the gamut of risks associated with industrialized 
systems (air pollution, soil pollution, animal diseases and the use of antibiotics) for local people. These 
have to be mitigated by good management of manure and the animals, for example. The second one is 
the fact that industrialized systems rely heavily on feed produced elsewhere in the world. This feed 
production should be sustainable so that natural capital costs are kept to a minimum. Nutrient recycling, 
i.e. proper management and use of manure is key in this regard, as it will help to prevent the depletion 
of soil in one region and accumulation and pollution in another. 
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Dairy systems
Regarding dairy systems, a study of Gerber et al. (2011) is used to gain insight into the development of 
the different dairy production systems (see box 6.1). It explains that the dairy snapshots described in 
chapter 4 (situation 2010) can differ from the expected dairy production system in 2050. However, 
smallholder dairy farming is expected to remain an important production system in Tanzania, India and 
Indonesia. With improved resource use efficiency, these systems have a high potential to increase milk 
(and meat) production and substantially reduce emissions per unit of product (Gerber et al., 2013, 
2011). This is not only a theoretical analysis. The National Dairy Plan of India is based on the same 
analysis and is focusing on breeding and nutrition, in combination with chain development (National 
Dairy Development Board, 2012). As Gerber et al. (2011) show, GHG emissions per kg of protein can be 
decreased considerably if farms are optimized and the production per cow increases from 500 kg per cow 
to 3,000 kg per cow. In the Netherlands, as in most of the industrialized world, the present intensive and 
highly specialized dairy production system will remain important. Increasing the scale in all stages of the 
supply chain is likely to continue. For the natural capital costs, the potential reduction of the gains in 
efficiency are less than what would happen if smallholder farms were optimized. Although natural capital 
costs per kg of protein will not decrease much, the scale of farms and companies in the supply chain will 
continue to increase because of economies of scale.
Beef systems
The growth of the dairy sector will also lead to more beef production. Beef production from dairy systems 
can be substantial, even in highly specialized dairy systems in developed countries. The offspring and 
life-weight-production for slaughter in specialized beef and dairy systems in Brazil, based on the animals’ 
weights, fertility, replacement rates and mortality rates during their lifetime are in the same range: 
200,000 kg to 300,000 kg life weight for a herd of 2,400 animals. It shows that meat production from 
dairy systems is important and that the development and growth of pure beef systems will depend on 
the development of the global dairy sector.
If the dairy sector becomes too specialized and shifts more to milk-type animals and to the culling of 
young calves before fattening, meat production in the dairy sector will decrease, leaving more room for a 
pure beef sector. Despite the importance of beef production from the dairy sector, Brazilian beef produc-
tion from pure beef systems is expected to increase. Santana et al. (2010) calculate an increase of 43 
million heads, from 205 million heads of cattle in 2006 to 249 million cattle stock in 2030. The production 
of oil crops (i.e. soybean) is expected to increase in addition to pasture as well. The present extensive 
grazing systems in Brazil are expected to be replaced by the more intensive grass-based systems 
combined with feedlots at the end of the fattening stage. The impact on the natural capital of this 
technology path is modest but the amount of land required per unit of protein produced will decrease 
more significantly (see sections 4.3.1, 4.3.2, 4.3.3). The pastoralist systems in Africa and Asia are 
expected to decrease because the total area of these systems will decrease. Transhumance systems will 
lessen in number, land will be used for mixed cropping systems, due to population increases. On the 
other hand, from a landscape point of view the pastoralist systems should be safeguarded (see chapter 
5), as their role in landscape maintenance is much more important than animal protein production.
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BOX 6.1 Developments within dairy production systems 
Gerber et al. (2011) shows the influence of milk production per cow (in fat and protein corrected milk (FPCM) 
per year) on greenhouse gas emissions (see figure 6.3). Although the graph gives the impression of a conti-
nuous relationship, in fact three major livestock production systems can be distinguished: subsistence farming 
with limited access to markets and local selling of products (output of 500 kg FPCM per cow per year or less); 
small-scale farming better linked to markets (output between 500 and 3,000 kg FPCM per cow per year; and 
specialized, large-scale dairy farms producing more than 3,000 kg FPCM per cow per year. The option for 
development and mitigating the external impacts strongly differ among these types of livestock production 
systems. Subsistence farmers have (almost) no access to markets and options to mitigate external impacts are 
non-existent. For smallholder systems, output increases per cow are possible by optimizing the multifunctional 
farm system, which is shown in the approach mentioned in the National Dairy Plan of India and described by 
(Garg et al., 2013). This can be achieved by applying existing technology via capacity building and technology 
transfer, developing a good infrastructure and institutions, and providing good market access. The snapshots of 
India, Tanzania and Indonesia are good representatives of this important group of producers. For the speciali-
zed systems, increasing the output per cow is achieved by further optimizing animal health and nutrition. 
However, increases in production at highly productive farms is limited. Increasing the output at specialized 
farms can be achieved by new technology and system innovations (feed additives and genomics). 
Figure 6.3  Relation between output per cow and greenhouse gas emissions (source Gerber et al., 2011)
Gerber et al. (2011; 2013) show that livestock production systems can increase productivity, thereby de-
creasing the natural capital costs per kg of protein (GHG and land use). 
The IPCC SSPs define the scenarios partly in terms of technology change. Gerber et al. (2011; 2013) show that 
the application of existing technology already can have a large impact and that the importance of new techno-
logy depends on the type of dairy production system.
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     BOX 6.2 Review of scenario studies focused on animal products
See http://www.animalchange.eu/Content/deliverables.html 
Important drivers for consumption
Demand drivers in the livestock sector are population growth, income growth, urbanization and preference 
shifts.
Consumption growth
A leading FAO projection driven by expert judgment is that global livestock consumption will be 76% higher in 
2050 compared to a base in 2005 (Alexandratos and Bruinsma, 2012). Recent modelling efforts suggest that 
this may be an upper bound estimate. Indeed, analysts’ opinions about the projected pattern of livestock 
demand differ widely (Valin et al., 2014). The demand projections are substantially influenced by assumptions 
on demographic change and economic growth. The FAO projection suggests that the consumption of livestock 
products per capita will increase by 27% (i.e. population expansion pushes consumption up by 49%), but 
modelling projections range from 12% to 41%, leaving aside some extreme estimates that project an increase 
in per capita consumption of more than double.
Important drivers for supply
The supply response needed is substantial in absolute terms. Alexandratos and Bruinsma (2012, p. 17) project 
that cereals production must increase by 940 million tonnes to reach the 3 billion tonnes projected for 2050; 
meat by 196 million tonnes to reach 455 million tonnes by 2050; and oil crops by 133 million tonnes to reach 
282 million tonnes by 2050. The supply response is, however, highly uncertain. The main drivers on the supply 
side are the availability of roughage, feed and feed concentrates at affordable prices, technological progress in 
crop yields and animal production (see Bouwman et al., 2005; Lesschen et al., 2011; Oenema and Tamminga, 
2005; Soussana, 2012; Westhoek et al., 2011), and international trade in animal products to redress the 
demand and supply imbalances.
Scenario description and main assumptions per scenario
SSP1 is the sustainable world with strong development goals that include reducing fossil fuel dependency and 
rapid technological changes directed at environmentally friendly processes, including yield-enhancing technolo-
gies. Population growth is modest. 
SSP2 is the continuation of current trends with some effort to reach development goals and reduce resource 
and energy intensity. On the demand side, investments in education are not sufficient to slow down rapid 
population growth. SSP2 only has intermediate success in addressing vulnerability to climate change. 
SSP3 is a fragmented world characterized by strong population growth and important regional differences in 
wealth, with pockets of wealth and regions of high poverty. Unmitigated emissions are high, low adaptive 
capacity and large number of people vulnerable to climate change. Impact on ecosystems are severe.
‘Sustainability’ SSP1 ‘Middle of the road’ SSP2 ‘Fragmentation’ SSP3
Global population in 2050 8.5 billion 9.2 billion 9.9 billion
Average per capita income 
in 2050
US$20,000 +/- US$15,000 <US$10,000
Preference for animal protein 
2005-2050
Reduced income elasticity of 
meat consumption
Status quo Status quo
Technological change 2010-
2050 (crops)
Strong push for productivity 
& resource efficiency
Modest push for productivity 
& resource efficiency
Limited push for productivity 
& resource efficiency
Sources: (Alexandratos and Bruinsma, 2012)
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7 Conclusions
 
The livestock sector is a major contributor to the global anthropogenic environmental footprint. The 
global demand for animal products will grow further in the coming decades due to expanding human 
populations and an average increase of meat consumption per person. Existing scenarios estimate global 
demand in 2050 to be 150% to 200% of that in 2010.
The question is whether this growth will lead to further losses of natural capital worldwide, or will we be 
able to enhance production of animal protein and minimize losses of natural capital at the same time? 
This study has provided some answers. The analysis includes cattle and poultry production, both at a 
global level and at specific production systems in different countries and climatic zones and levels of 
intensification. The impact of livestock systems on social, economic and environmental issues has been 
quantified where possible. A qualitative assessment has been provided when reliable data was not 
available. The big picture is clear: animal products are underpriced. Climate change, the loss of ecosys-
tems, air pollution and the impact of water shortages are only some examples of the costs arising from 
livestock production that were calculated in this study and are ultimately borne by society. We estimated 
these costs for cattle and poultry to be 2.28 trillion USD per year worldwide, most of it due to beef 
production. Most of this cost is associated with GHG emissions and land-use change.
In order to understand the implications of this growth we have to zoom in and analyse specific livestock 
systems. The implications for natural capital of high-input, specialized livestock systems of medium and 
large scale are reasonably well documented and understood (specialized broiler production and intensive 
dairy production in our study). These systems reach high productivity levels and rely largely on external 
inputs, being purchased feed, capital and medicines. These highly specialized systems have the potential 
to feed large urban populations as they are easy to scale up. 
It is a known fact that the production of chicken and milk proteins have a much lower natural capital 
impact than the production of beef, implying that the internalization of external natural capital costs can 
be expected to shift the diet towards poultry and dairy. At the same time, there is room for improvement 
in all livestock systems to reduce the natural capital costs per kilogram of protein. Smallholder livestock 
systems are a major contributor to the global food supply. In the regions studied we found a great deal 
of diversity in terms of productivity, impact on climate, water quality and biodiversity, and also a consi-
derable potential for improvement. This potential can be achieved by understanding the options available 
based on local conditions, measuring the impacts and developing and disseminating best practices. Local 
conditions that should be taken into account include access to markets, inputs and knowledge, but also 
climate, local ecosystems and the availability of crop residues. Especially in ruminant systems, there is a 
win-win situation, as the intensification of systems can reduce GHG emissions per unit of product. So 
food security and climate change mitigation could be combined in livestock intensification. This is especi-
ally the case for smallholder systems in Asia and Africa.
Some subsistence systems were also included in this study. Globally hundreds of millions of farmers are 
smallholders or pastoralists whose livelihoods depend on livestock. Pastoral cattle and backyard poultry 
have an extremely low use of inputs, low output levels per animal and low efficiency per kilogram of 
protein. However, not only do they supply food to the most vulnerable populations, but they are also well 
adapted to local constraints, generate many side benefits for local poor communities, and usually have a 
very low or even positive biodiversity impact. These are all aspects of subsistence animal husbandry that 
are less understood, but not less important. For example, a case study on the Maasai steppe in Tanzania 
made apparent that pastoralism can conserve measurable ecosystem services and natural capital value, 
if the alternative is farming that leads to land degradation. These systems are under pressure, especially 
in rural areas in developing countries. Measures can be taken to assess their importance for the poor and 
achieve basic improvements in terms of food security and productivity. 
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Smallholder livestock production systems can have a high impact on natural capital if they operate on a 
high input–low output basis per ha of land. In many countries a few dairy cows are kept in non-grazing 
systems fed with crop residues, grass from roadsides and some concentrates. Production is often low 
because of the lack of good food and good treatment. Externalities (GHG emissions, N and P leaching) 
corresponds strongly to the number of animals and less to the production per animal. For these specific 
cases small is not always beautiful.
The message is clear: the growth of the livestock sector presents many risks for natural capital, but 
much can be done to address these risks. It is possible to produce animal products for the world popula-
tion without losing natural capital wealth, as long as the right path is followed. First of all, natural capital 
has to be fully measured, as its visibility is a requirement for its conservation. Second, a single livestock 
production system cannot supply animal products to the whole world on its own. The whole range of 
existing livestock systems will need to contribute as well. As a result, the right improvements need to be 
identified and pursued for each context, with a location-specific approach. The linkage between livestock, 
ecosystems and society needs to be valued and understood at the regional level. Finally, livestock 
systems are key components of agro-ecosystems and under specific management practices can enhance 
the provision of ecosystem services. Therefore, mechanisms have to be developed to internalize external 
costs and incentivize good practices, which do not affect food security for the poor. Internalization will 
help market forces to put the food sector on a more sustainable track, where natural capital wealth is 
leveraged to create wealth for the current as well as future generations.
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8 Recommendations
8.1 Policy recommendations
Pay the full price without affecting food security
•  Negative externalities should be internalized in the price of animal products, without affecting food 
security. This can be done, for example, via voluntary commitments, market measures such as 
environmental taxation, environmental labelling or environmental regulation. These measures should 
not increase food prices for vulnerable shares of the population. The internalization of negative 
externalities will help to steer the livestock sector down a path that minimizes the loss of natural 
capital. 
•  The positive externalities of animal husbandry – from managing landscapes to supplying organic 
fertilizer, from animal traction all the way to fulfilling cultural functions – should be rewarded. These 
rewards should at least consist of fully recognizing any type of cost-benefit analysis, and at best offer 
payment for ecosystem services schemes. If positive externalities remain invisible and co-benefits are 
not encouraged, then the unwanted side effects of improving agricultural systems could lead to a net 
loss of economic benefits. Financial functions of livestock keeping (= keeping livestock for money) can 
be a strong barrier to gains in productivity in some areas. 
 
Consolidate valuation of natural capital
• An important requirement for internalization is that natural capital be consistently measured. Govern-
ments should encourage dialogue between different stakeholders, such as international organizations, 
NGOs, companies and investors, in order to create a standardized valuation framework that would 
make it possible to monetize the different costs and benefits that affect human well-being as well as 
ecosystems and biodiversity. This framework will make it possible in the future to simultaneously 
capture the hidden costs and benefits of livestock systems and the visible costs and benefits, and 
that, in turn, has given decision-makers the opportunity to start embracing sustainable livestock 
production practices. The Livestock Environmental Performance and Assessment (LEAP) project aims 
to build consensus between different stakeholders (governments, the private sector, NGOs and CSOs) 
on how to measure the environmental impact of livestock. Furthermore, the Natural Capital Coalition 
and The Sustainability Consortium are great examples of progress in this regard, which can be applied 
to different industry sectors, not only livestock. 
Improve livestock production systems
• Scenario studies show that increased animal protein production is possible without increasing natural 
capital costs. Governmental environmental programmes and reduction initiatives should focus on 
natural capital impacts identified as key contributors to natural capital costs. In this sense, developing 
and promoting good agricultural practice could contribute greatly to reducing the impacts of livestock 
on GHG and on the pollution of water bodies. For example, avoiding the excessive fertilization of feed 
crops, improving manure management or animal diet would decrease GHG emissions of livestock 
(Opio et al., 2013). 
• One of the important pathways is increasing the production per unit of throughput (ha or animal). As 
a result, more animal proteins can be produced with less input, such as water, minerals, antibiotics, 
land and energy. This would also decrease natural capital costs per kilogram of animal protein. 
Sometimes, improving goes hand in hand with an increase in scale of farms and the risks of increasing 
negative impacts like leaching of minerals or the misuse of antibiotics. Good farming practices like 
improving pasture management, improving animal health or soil fertility management where feed is 
produced should be put in place to increase the production without increasing the negative impacts. 
Improvement options for smallholders must be assessed and identified on a regional basis. 
• Policy-makers should promote knowledge-sharing platforms amongst countries, so that technology 
and farming practices that already exist in developed countries could be applied to decrease natural 
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capital impacts in developing countries. Special attention should also be given to the adaptability of 
those techniques to local conditions. This is particularly important as several BRIC and developing 
countries are becoming key worldwide livestock producers as a result of rising incomes. For example, 
Brazil and China are key global contributors to the total natural capital cost for the three livestock 
commodities analysed, partly due to high production quantities.
Healthy diet: the role of consumers
• Governments should raise consumer awareness by starting a dialogue on the link between consumers’ 
behaviour, change in diets and natural capital preservation (Bailey et al., 2014). According to the 
results of this study, diets that would substitute part of beef with chicken consumption are beneficial 
from a natural capital point of view.
8.2 Agenda for future research
This study has tried to help answer the question of how we can sustainably feed the global population 
with animal proteins without increasing natural capital costs. Still, this question has many more dimensi-
ons than those addressed here. Future research should continue to look systematically at the positive 
and negative impacts on natural capital of livestock production value. This will require expanding the 
scope and including in the equation issues that have been left out up to this point, from other species to 
consumption and human health, both affected by animal health and by the ingestion of animal products, 
from the issue of food waste to water cycle effects, from positive externalities of livestock to other key 
regions and animal husbandry systems.
Both sides of the coin
•  In the present study, the bottom-up approach was restricted to ten cases only. Worldwide the variati-
on in dairy and beef systems in particular is larger than suggested in this study. Pig meat, small 
ruminant products and eggs are important contributors to the supply of animal proteins worldwide but 
had to be left out of the scope of this analysis. Other systems and species also play a role in feeding a 
growing world population. 
•  Further analysis, following a continuum of livestock systems in different setting, would be useful. The 
TEEBAgriFood Valuation Framework makes it possible to compare the sustainability of different 
livestock production systems.
•  The relationship between livestock production and human health is complicated and partly unknown. 
Because livestock production can influence human health directly by supplying animal proteins and by 
zoonoses and indirectly by the use of antibiotics its impact can be high. The same reasoning holds for 
animal and human well-being. It is necessary to include these aspects to get a balanced understan-
ding of the positive and negative impacts of the production of animal proteins on human well-being. 
•  Grazing and feed production can have an important impact on the water cycle at the regional and 
national levels because of soil compaction and green and blue water abstraction. These types of 
negative externalities are also extremely important, as FAO (2006) has pointed out, and should be the 
object of valuation with a bottom-up approach in order to give a balanced view of the comparison 
between livestock production systems.
•  To quantify the dependency of livestock production systems on ecosystems and biodiversity one 
should also include soil fertility and green water supply. In order to perform such an analysis data on 
rainfall, yield and farm economics would be required for all the areas where grazing and feed producti-
ons occur.
•  Livelihood support, useful animal co-products and carbon storage are all important co-benefits of 
livestock production that should not be forgotten. Benefits provided by livestock to both the social and 
environmental realm can be assessed in more detail, monetized more broadly and compared with 
costs. Assessing all the benefits is the only way to understand the trade-offs faced by millions of 
farmers, policy-makers and consumers and put the costs in perspective. 
•  The production of animal protein is strongly guided by consumer demand. A consumer diet that 
includes more plant protein and less beef, and more milk or poultry meat will influence the expected 
increase of natural capital costs strongly. Influencing human behaviour regarding diets is extremely 
difficult and takes time. This is certainly true of consumers in the developed world, whose diet is rich 
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in animal proteins, but it also true for consumers in developing countries where the present use of 
animal protein is still low. Insights on how to influence the human diet in a positive direction are 
needed to minimize future natural capital costs.
•  Further iterations for valuing the impacts of eutrophication could be undertaken in future research. 
The use of alternative valuation techniques to quantify the impact on ecosystems, such as travel cost, 
contingent valuation or choice experiments, are areas worth exploring. An example of a future 
development could be to build a database of eutrophication valuation studies from around the world at 
a local level, which would integrate changes in nutrient concentrations over time. The consideration of 
background concentrations would result in a stronger eutrophication valuation, and therefore a more 
robust comparison of impacts across countries. It would also make it possible to conduct comparisons 
within regions of the same country and over time. Other future improvements can be made by 
expanding the scope of the valuation to include other aspects (for example, nitrogen leaching in 
coastal waters and hypoxia impacts on fish yields), which can be excluded or included according to 
their applicability in a given country.
The next right questions
•  In this study the focus was on mapping livestock production systems worldwide. The next step could 
be to systematically compare substitute livestock systems, because it will yield insights that can be 
used immediately in decision-making. Substitutability happens when systems operate in the same 
geography or produce the same products for the same market and one can be scaled down and the 
other scaled up to some extent.
•  This study has highlighted that livestock production exists not only in a complex interrelation with 
natural ecosystems, but also with nearby and faraway crop systems. Looking at combined ara-
ble-livestock systems as a whole in more depth could reveal the full benefits of integrating these two 
activities, which is common practice among smallholder farmers all over the world. This type of 
complex research faces methodological and data availability challenges, but offers a unique perspec-
tive in linking food production and natural capital regeneration from an economic, ecologic and 
agronomic perspective.
•  Smallholder agriculture feeds a significant part of the world population, but whether and how this can 
be leveraged for natural capital conservation and enhancement is not always clear to policy-makers. 
Indeed, research linking the economic and social development aspects of smallholder agriculture with 
environmental considerations is necessary. Monetary valuation is a key tool for understanding these 
interrelations and making them comparable. We recommend integrating economic, social and environ-
mental aspects in research on smallholder agriculture. This would be useful to understand the costs 
and benefits of intensification and to look at trade-offs between income and natural capital.
Agriculture for landscape management and the value of ecosystems
•  Livestock and agricultural systems not only provide food, but they also manage landscapes to increase 
their value in multiple ways. The innovative land valuation framework applied to East African pastora-
lism can also be used to investigate the value of natural capital assets in other agricultural, natural 
and semi-natural ecosystems. Research should be put in place to systematically identify and calculate 
the internal and external natural capital value of key food-producing regions globally and the value of 
sustainable landscape management. This requires regional data on the natural goods and services 
grown and used on a specific type of land (provisioning ecosystem services, water supply and agricul-
tural products) and of the sustainability over time of these benefits (related to deforestation, water 
stress and land degradation trends). 
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A Annex: 
    Livestock production 
system indicators  
per snapshot
Table A.1 Herd parameters
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dairy cows 5 5 85 5
herd size 100 5000 90000 300 100 300 300 300 330 8 8 160 8
head/km² 12 to 15 20 to 
70
90 to 
110
90 to 
110
90 to 
110
110 to 120 20 to 25 10 to 
20
150 to 
250
50 to 
90
adult weight 
female (kg)
1.35 1.65 3.8 320 478 500 500 500 500 320 350 555 350
adult weight 
male (kg)
1.92 1.85 4.85 416 500 650 650 650 650 450 500 722 500
birth weight 
(kg)
0.025 0.04 0.04 25 31 33 33 33 33 20 30 40 30
DR birth 
female (%)
50 0 0 21 24 15 15 15 15 20 22 8 20
DR birth 
male (%)
50 0 0 21 44 15 15 15 15 20 52 8 20
DR older (%) 20 5 3.5 7 10 5 5 5 5 7 8 4 7.5
AFC (year) 0.46 0.48 0.42 4 3.6 3.3 3 3 3 4 3.1 2 3.1
slaughter 
weight
1.27 1.48 1.56 309 286 483 483 483 329 369 364 200 389
hatchability 0.8 0.8 0.8
eggs/year 50 160 160
eggs/clutch 13
clutches 3
Fertility rate 
(%)
- 75 75 75 75 75 75 75 75 65 70
Replacement 
rate (%)
33 100 100 10 15 11 11 11 11 10 20 33 20
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Bull to Cow 
ratio
0.19 0.1 0.1 0.1 0.1 0.04 0.04 0.04 0.04 0.69 0.3 0.01 0.69
relative 
growth
1 1 1 1 1 1 1 1.1 1.1 1 1 1 1
growth 
period 
(days)
40 38.5
output 
meat (LW 
slaughter)
69.75 40375 1210000 12677 3665 27838 29896 31547 34810 646 547 15804 815
output milk 
(kg) or  
eggs (kg)
9.25 0 0 1125 21250 - - - - 7500 5000 698445 7000
productivity 
kg Lw/
animal
0.70 8.08 13.44 42.26 36.65 92.79 99.65 105.16 105.48 80.75 68.38 98.78 101.88
productivity 
kg milk or 
eggs/animal
0.0925 0 0 3.75 212.5 937.5 625 4365.281 875
dressing% 55 65 70 47 55 55 55 55 55 47 55 50 50
fraction bone 
free meat
0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75
protein 
content meat
0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19
Fraction 
edible 
product
0.41 0.49 0.53 0.35 0.41 0.41 0.41 0.41 0.41 0.35 0.41 0.38 0.38
protein 
content as 
fraction of 
LW
0.08 0.09 0.10 0.07 0.08 0.08 0.08 0.08 0.08 0.07 0.08 0.07 0.07
protein 
content as 
fraction of 
CW
0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14
N content 
as fraction 
of LW
0.01254 0.01482 0.01596 0.010716 0.01254 0.01254 0.01254 0.01254 0.01254 0.010716 0.01254 0.0114 0.0114
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Table A.2 Animals rations (feed by type in % of total feed intake in kg per animal)
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Fresh 
grass
90 85 95 90 80 80 24 11 33.2 8
Hay 5 5 5 5 16.6
Legumes/
silage
- - 22.6
Crop 
residues
10 5 70 70 2.5 70
Sugarcane 
tops
0 5 - 3
Leaves 10 0 5 - 5
Wet 
distillers 
grain
- 1 1 - - - -
Molasses - - - 1 1 1 0.1 -
Fruit pulp - - - 1 1 - - 1.3 -
Swill 40
Pulses 2
Cassava 8
Wheat 1 13 40
Maize 11 47 24 8 8 2 2 13.2 7
Barley - 4
Millet 3
Rice 3
Sorghum 3 7 5
Soybean - 15
Soybean 
meal
2 25 10
Meal 
oilseeds
11 1 2 3 4 4 3 5 8.5 7
Meal 
cotton- 
seed
6
Grain by 
products
11 - 2 1 1 2
Fishmeal 1
Synthetic  
Amino 
acids
1 1
Rapeseed 1
Rapeseed 
meal
1
Lime 1 1
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Table A.3 Food Conversion Rate (FCR)
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FCR protein (kg/kg) 1180 1620 400 375 350 350 400 200 20 50
dressing fraction 0.47 0.55 0.55 0.55 0.55 0.55 0.47 0.55 0.5 0.55
Bone Free meat (-) 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75
protein in bone free meat 
(-)
0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18
 
FCR on carcass weight 
(kg/kg)
159.3 218.7 54 50.625 47.25 47.25 54 27 2.7 6.75
FRC on Live Weight  
(kg/kg)
74.871 120.285 29.7 27.84375 25.9875 25.9875 25.38 14.85 1.35 3.7125
Dairy
FCR protein (kg/kg) 400 200 20 50
protein content milk
(g/kg)
0.033 0.033 0.033 0.033
FCR milk (kg/kg) 13.2 6.6 0.66 1.65
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Table A.4 GHG emissions/snapshot
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kg CO2e/kg carcass 4.75 5.20 5.20 38.41 46.00 46.00 42.78 40.59 36.79     
kg CO2/kg milk 3.30 4.70 1.40 3.50
kg CO2/kg egg 3.05             
Organic and 
synthetic fertilizer 
use N2O
0.32//0.34 0.31 0.31 0.42 0.38 0.38 0.38 0.33 0.33 0.21 0.25 0.26 0.29
Fossil fuel use 
- transport and 
fertilizer production
0.00 0.35 0.35 0.00 0.09 0.09 0.09 0.10 0.10 0.11 0.11 0.15 0.10
Manufacturing of 
fuel/electricity
0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.04 0.02
Enteric fermentation 0.00 0.00 0.00 0.53 0.49 0.49 0.49 0.51 0.51 0.55 0.52 0.44 0.49
Organic waste/
manure - storage 
CH4
0.03//0.03 0.00 0.00 0.02 0.01 0.01 0.01 0.01 0.01 0.03 0.03 0.05 0.03
Organic waste/
manure - storage 
N2O
0.59//0.56 0.04 0.04 0.02 0.02 0.02 0.02 0.04 0.04 0.08 0.07 0.04 0.07
Land use change 
total
0.00 0.23 0.23 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.00 0.02 0.00
Other 0.06//0.07 0.08 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Table A.5 Nutrient inputs and surpluses
Snapshot 1 2 3 4 5 6a 6b 6c 6d 7 8 9 10
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N input/ha 
(feed and fertilizers)
13 2903 48638 0.2 0.1 0 0 8 to 10 9 to 10 161 238 258 112
P input/ha 
(feed and fertilizers)
2 365 7164 0 0 0 0 1 to 8 1 to 8 17 33 12 12
N suprlus/ha 12 2298 29728 -0.1 -0.4 -1 -1 7 to 8 7 to 8 136 221 163 88
P surplus/ha 1 187 1841 -0.1 -0.1 -1 0 0 to 7 0 to 8 11 29 -8 6
NH3 emissions 
per ha
- - - 5 6 14 14 15 17 194 75 79 28
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B Annex: 
    Comparison of 
bottom-up and  
top-down 
methodologies  
and results
 
B1 Introduction
This annex presents a comparison of the top-down and bottom-up approaches used within this study to 
assess natural capital externalities and dependencies of the livestock sector. 
Section B2 highlights key differences between the two approaches, section B3 looks at the specific results 
for comparable impacts, section B4 contains a set of tables with more details about the comparability of 
the respective methodologies.
B2 General comparison
The two analyses have different goals, as the top-down analyses aims at assessing the impacts of 
livestock sectors worldwide, while the bottom-up analysis looks at selected farming systems in their 
national context. Both approaches provide a different and useful perspective to inform decision-making. 
The analyses also differ in the quantification and valuation steps, in factors such as the system bounda-
ries, granularity of data sources and functional unit. 
An overview of key differences in natural capital aspects included, system boundaries, valuation metho-
dology, and main limitations of the valuation is given in the following table. 
Table A Key differences of top-down and bottom-up assessment
Top-down Bottom-up 
Goal • Assess the environmental 
externalities in the livestock sector 
worldwide.
• Identify the most material 
environmental impacts and 
geographical hotspots worldwide.
• Determine the contribution of farming 
operations versus their upstream 
supply chain.
• Study a representative set of 
livestock systems around the world in 
terms of environmental impacts.
• Understand differences due to 
geographies, levels of intensification, 
input use and efficiency.
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Top-down Bottom-up 
Natural capital aspects valued • GHG emissions 
• Water pollutants
• Air pollutants
• Soil pollutants
• Water consumption
• Land use change
• GHG emissions
• Water pollutants
• Dependency on blue water
• (Non-monetary: Land use and 
biodiversity change)
System boundaries • Livestock farming and production of 
inputs (upstream supply chain). 
• For soil and water pollutants: supply 
chain only.
• Livestock farming and production of 
feed. 
• For water pollutants: on farm only
• For GHG: also other inputs, post farm 
transport and processing
Natural capital valuation methodology • The framework is based on an 
integrated biophysical and economic 
model, and follows an approach 
proposed by Keeler et al. (2012). The 
valuations are mapped to specific 
beneficiaries and show the effects on 
specific endpoints.
• GHG externalities: Social Cost of 
Carbon
• Eutrophication externality: budget 
constraint approach
• Blue water dependency: imputation 
method (FAO, 2004) adjusted with 
the residual rent method (Thompson 
& Johnson, 2012)
Main limitations No distinction between farming 
systems, use of country and/or 
global averages for quantification and 
valuation of impacts.
Limited coverage of impacts and 
farming systems, system boundaries 
differ between impacts.
For GHG and water pollution the same valuation framework is used. However, seen the differences in 
goal and scope of the two assessments, the methods applied and the data used for the quantification of 
inputs and impacts differ. These differences are expected to drive variation in the results.
•  Functional unit: while the top-down provides intensities at a product level, the bottom-up approach 
provides intensities at a production system/farm level. For example, dairy farms produce both meat 
and milk. The top-down assessment allocates the impacts of milk production through an economic 
allocation method, while the bottom-up analysis looks at the impact per average protein produced. A 
similar difference in the object of the assessment, and thus in the functional unit, applies to poultry. 
•  System boundaries: The top-down assessment includes emissions to water upstream in the supply 
chain only (such as emissions due to fertilizer use for feed production), while the bottom-up assess-
ment looks at nutrients from manure and fertilizer on the livestock farm only. For GHG emissions, 
wider downstream system boundaries are considered in the bottom-up, as those include transportati-
on and processing.
•  Farm inputs data: Input requirements of a farm are livestock system specific in the bottom-up 
analysis, while global average factors based on U.S. input related data is used for the top-down 
analysis for all countries;
•  Granularity of data sources: Impacts on natural capital caused by farms are production system 
specific in the bottom-up analysis for animal husbandry and feed production. In the top-down 
approach, natural capital impacts occurring in the farm are quantified at a country level whenever is 
possible. In all other cases and for impacts occurring in the supply chain global average factors are 
used. 
More details about how the bottom-up and top-down approaches differ can be found in the tables in 
section B4.
B3 Results compared
This section compares the results of the bottom-up valuation of GHG emissions of selected livestock 
production snapshots with the results of the top-down analysis for these countries. Furthermore, water 
pollution and land use are also valued both top-down and bottom-up, but with important methodological 
differences. For these impacts an overview of differences in the results is also given. 
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It is evident that the two approaches use different parameter values describing the considered livestock 
systems and while some of them may lead to having higher impacts on the top-down, other may lead to 
having higher impacts on the bottom-up. Thus, there is relatively wide range of variability on the results 
obtained for each of the countries selected for the snapshots. 
In general, because of the highest granularity of modelling and data sources, a bottom-up approach is 
recommended. However, because in practice local data and models are not always available, a top-down 
approach is a useful tool as it incorporates high level averages, allowing the calculation of estimates 
when there are data gaps and the coverage of a broad scope.
This section compares the results of the bottom-up valuation of GHG emissions and water pollutants for 
one snapshot for each sector, poultry, beef and dairy. The snapshots chosen are considered to be repre-
sentative of the whole country and are found to be major contributors to the natural capital cost in the 
top-down analysis. Although the Netherlands was not found to be a major contributor worldwide for 
poultry, this snapshot represents the typical industrial poultry system, and the country was included in 
the comparison in order to give an indication of how results for poultry compare for the top-down and 
bottom-up.
•  Snapshot 3: The Netherlands industrial broilers.
•  Snapshot 6: Brazil beef grazing with feedlot. This system does not strictly represent the average in 
the country but its environmental profile is highly comparable to the most common system of pure 
grazing
•  Snapshot 8: India dairy mixed feeding
GHG emissions
Table B Comparison of GHG emissions
Poultry Top-down ($/kg protein) Bottom-up ($/kg protein)
Object of the assessment Poultry meat Poultry systems (meat)
Snapshot 3- The Netherlands 5.84 4.67
Beef Top-down ($/kg protein) Bottom-up ($/kg protein)
Object of the assessment Beef meat Pure beef systems
Snapshot 6- Brazil 35.34 36.46
Dairy Top-down ($/kg protein) Bottom-up ($/kg protein)
Object of the assessment Dairy milk Dairy systems (meat and milk)
Snapshot 8- India 6.95 18.23
Results for GHG emissions are in the same order of magnitude for the top-down and bottom-up. Even if 
the valuation coefficient used is the same (social cost of carbon), the process undertaken for the quantifi-
cation of impacts differs. Disparities for the results for India can be connected to the factors mentioned in 
section B2 of this annex. Furthermore, the following differences in method and data sources specific to 
GHG give additional insight into the origin of the variation between the results of top-down and 
bottom-up.
•  When looking at the scope of the analysis, the bottom-up considers also post farm gate transport and 
processing while the top-down does not. 
•  Regarding data granularity, the bottom-up uses a herd model, farming system type and climatic zone 
to determine GHG emissions. In the case of the top-down, country specific factors are used for to 
determine direct GHG emissions from livestock such as enteric fermentation, while global average 
factors are used to quantify indirect GHG emissions such as feed production.
•  Regarding data sources, in the case of the top-down approach, sources include FAOSTAT data for GHG 
emissions from enteric fermentation, and life cycle assessment studies to quantify GHG emissions 
from energy use. In the case of the bottom-up, GHG emissions are quantified based on the Global 
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Livestock Environmental Assessment Model (GLEAM) by FAO and the agronomic models of the lives-
tock snapshots developed for the purposes of the this study. 
The two studies use the same monetary coefficient for climate change, a social cost of carbon of 
US$128/t CO2 eq. With scope differences in mind, results from the bottom-up valuation are expected to 
be more representative of the country’s livestock sector actual emissions, as they are based on modelling 
of livestock farms using region specific data.
Water pollution
Water pollution is assessed with regards to emissions of Nitrogen and Phosphorous into water sources 
through leaching, which can contribute to eutrophication. 
The two assessments look at different parts of the supply chain, making the results hardly comparable. 
The top-down analysis quantifies impacts for the upstream supply chain (inputs to the farm) using global 
average obtained from an environmentally extended input output model (which compiles many data 
sources such as life cycle assessment studies), the bottom-up analysis models emissions taking place on 
farm, both from manure and feed production, using a nutrient balance.
The two analysis do not use the same valuation approach. The top-down analysis uses monetary coeffi-
cients on average of 11,5 $/kg pollutant, while the bottom-up analysis uses coefficients with an average 
value of 2,5 $/kg pollutant. Both analysis use global averages. For more information see section B2 of 
this annex.
Table C Comparison of water pollution 
 
Poultry Top-down ($/kg protein) Bottom-up ($/kg protein)
Object of the assessment Poultry meat Poultry systems (meat)
Snapshot 3- The Netherlands 0.39 0
Beef Top-down ($/kg protein) Bottom-up ($/kg protein)
Object of the assessment Beef meat Pure beef systems
Snapshot 6- Brazil 0.37 1.84
Dairy Top-down ($/kg protein) Bottom-up ($/kg protein)
Object of the assessment Dairy milk Dairy systems (meat and milk)
Snapshot 8- India 0.23 0.23
In the bottom-up analysis poultry is considered to have no water pollution impact because no emissions 
are considered to happen on farm. Manure is applied as fertilizer by other farms and resulting emissions 
are entirely attributed to other farms. Looking at beef systems, supply chain externalities quantified 
top-down are found to be much smaller than those on farm, with water pollution external costs in the 
range of 0.23-0.37 as opposed to US$1.84 to 4.25/kg protein. For beef, the main difference in scope is 
that the bottom-up approach considers water pollution from manure as well as from feed production on 
farm, while the top-down approach only captures water pollution impacts from feed produced as part of 
the supply chain, excluding water pollution from feed produced on farm and from manure. Valuation 
coefficients used in those approaches also vary due to methodological reasons (see section 2.3.1 for the 
top-down approach and 2.4.1 for the bottom-up approach).
Land use
Valuation of natural capital externalities is performed in both the top-down and the bottom-up assess-
ments but the underlying objective, data sources, level of granularity and valuation frameworks differ 
(see table M).
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Table D Comparison of land value in Maasai steppe with Tanzania land use coefficient 
in the top-down approach in $/ha
Top-down Bottom-up 
Object of the assessment Land use valuation coefficients Ecosystem benefits used to estimate 
natural capital assets
Geographical scope Tanzania Maasai steppe (Tanzania)
 Value 1,726 $/ha/yr • Average annual value of ecosystem 
benefits 30 $/ha/yr
• Carbon stocks 82 $/ha
Values per hectare obtained by the top-down approach are 60 times higher than from bottom-up. The 
two values are again hardly comparable, as they have a different significance. One is developed as part 
of a global assessment of the value of ecosystems, the other for a sub-national model of land conversion. 
Because of this the two studies use the value per hectare in different ways (top-down as a monetary 
coefficient of opportunity cost of ecosystems for land use, bottom-up as an input to a dynamic model of 
natural capital asset value).
The following considerations give some additional background on the differences in the methodologies. 
•  Regional scope. The top-down estimates the average value of natural ecosystems for Tanzania, while 
the bottom-up focuses on a sub-region, the Maasai steppe, and includes natural as well as agricultural 
ecosystems. In this region the climate is especially arid which can lead to low average supply of 
ecosystem services.
•  Ecosystem services scope. A wider range of biomes and ecosystem services are considered as part of 
the top-down analysis: cultural, provisioning and regulating services are included, as opposed to a 
more specific set in the bottom-up. 
•  In the top-down approach, regulating services contribute to an average of 46% of the total value of 
land use. Moderation of extreme events, regulation of water flows, waste treatment and erosion 
prevention are examples of valuable ecosystem services estimated.
•  The bottom-up assessment focuses on those ecosystem services with local benefits for which evidence 
is available concerning their relevance in the Maasai region and reliable data can be found. Two key 
services were considered material but could not be quantified due to lack of data, water cycle regulati-
on and carbon sequestration. Furthermore the bottom-up framework leaves out regulating ecosystem 
services that can lead to double counting by estimating intermediate benefits through related final 
benefits. For example ecosystem services that underlie farm yields such as nutrient cycling, pollination 
or erosion prevention are estimated as a share of the value of crops and livestock. 
•  Data specificity. The top-down method aggregates values per biome from different countries from the 
TEEB database, which can be based on only a few observations with a high uncertainty range (up to 
three orders of magnitude). The bottom-up approach uses local surveys and valuations. It only takes 
values based on the local ecosystems and economy and therefore has a lower uncertainty.
•  Valuation method. The top-down valuation uses values estimated with a mix of market and non-mar-
ket valuation methods while the bottom-up framework is based only on market prices of ecosystem 
benefits or substitute products.
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B4 Comparative tables for the top-down and bottom-up 
approaches
Table E Environmental externalities included in valuation scope
In scope of valuation
Partially in scope of valuation
Quantified but not montized
Top-down approach Bottom-up approach
GHG emissions X x
Air pollutants X  
Water pollutants x (fertilizers) x (fertilizers and manure)
Soil pollutants x (pesticides)  
Water consumption X  
Land occupation  x (not monetized)
Biodiversity change x (not monetized)
Land use change X x (Land valuation Tanzania, see table M)
Table F Environmental dependencies included in valuation scope
Top-down approach Bottom-up approach
Blue water  x
Natural capital (aggregated)  x (Land valuation Tanzania)
 
Table G Processes included in system boundaries
Top-down approach Bottom-up approach
Production of feed and other inputs X x (GHG, Land use: feed, Water 
pollution: on-farm feed production)
Livestock keeping X (GHG, air pollutants, water 
consumption, land use change)
X
Processing, packaging after farm gate  x (GHG)
Table H Multifunctional processes and allocation
Multifunctional processes Top-down approach Bottom-up approach
Production of feed and other inputs N/A Crops and crop residues: digestibility/
economic allocation (1)
Livestock production Economic allocation as Environmentally 
Extended Input Output model is used
Animal products: allocation by protein 
content.
(1) Digestibility is used to allocate land use between crops and crop residues, as economic value of crop residues is very location specific and not 
always known. Economic allocation is used for agro-industry byproducts. For blue water use, all impacts are allocated to the main crop, following the 
common water footprinting approach. 
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Table I Level of detail of input data
Top-down approach Bottom-up approach
Livestock farming system specific data No differentiation between farming 
systems. 
• Feed amount and composition. 
• Environmental drivers (on farm/
feedlot)
Country specific data • Quantification and valuation of 
operational impacts (excl. GHG).
• Total volumes of livestock 
commodities produced per country.
• Valuation of blue water dependency. 
• Environmental drivers (feed 
production)
Global data • Quantification and valuation of supply 
chain impacts (i.e. feed production).
• Valuation of GHG. 
• Valuation of impacts leaching factors
 
Table J Valuation approaches overview
Top-down approach Bottom-up approach
GHG emissions Social Cost of Carbon 
(U.S. Government)
Air pollutants Based on impacts on human health 
(willingness to pay) and ecosystems 
(diverse approaches that value the 
contribution of biodiversity to the 
delivery of provisioning, regulating and 
cultural services). 
 
Eutrophication Based on impacts on human health 
(willingness to pay and restoration 
costs) and ecosystems (hedonic 
pricing).
Based on impact on biodiversity and 
human well-being (budget constraint 
approach)
Soil pollutants Based on impacts on human health 
and ecosystems (see Air pollutants for 
detail). 
 
Water consumption Valuation of water consumption based 
on impacts on human health and 
ecosystems (see Air pollutants for 
detail).
 
Water dependency  Valuation of water dependency based on 
contribution of irrigation to crops’ value.
Land use change Valuation methodology for land use 
change based on the ecosystem 
services lost from the conversion of 
natural ecosystems to agricultural 
land. Ecosystem services included are: 
provisioning, regulating and cultural 
services.
Natural capital valuation at regional 
level (Maasai steppe in Tanzania) based 
on land cover change scenarios and 
a set of provisioning, regulating and 
cultural ecosystem goods and services.
Carbon stock loss valuation at regional 
level (Maasai steppe in Tanzania) based 
on land cover change scenarios and 
Social Cost of Carbon
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Table K Value transfer details Top-down Natural capital valuation
Environmental externality Impact on… TOP-DOWN APPROACH*
Change in valued attribute Value transfer
Land use change Provisioning services Hectares of natural 
ecosystems replaced with 
alternative land uses
Country-specific ecosystem 
distribution.
Cultural services
Regulating services
Air pollutants, Soil pollutants, 
Water consumption
Habitat & biodiversity Change in the potentially 
affected fraction of species
Geophysical and social 
conditions, Species density, 
Average Ecosystem value
Water pollutants Change in secchi depth Average freshwater bodies 
volume and perimeter, 
population density
Air pollutants, Soil pollutants Human health Change in disability-adjusted 
life year
Income elasticity
Water consumption Change in disability-adjusted 
life year
Proportion of population 
vulnerable to malnutrition 
and income elasticity.
Water pollutants Change in disability-adjusted 
life year
Average freshwater bodies 
volume and perimeter, 
population density, 
population structure, 
population with access to 
safe drinking water, income 
elasticity
Water pollutants Change in water treatment 
costs
Average freshwater bodies 
volume and perimeter
Table L Value transfer details Bottom-up Natural capital valuation - Maasai steppe 
case study
Bottom-up approach 
(In-depth case study: Maasai steppe in Tanzania)
Provisioning services • Unit transfer for 12 ecosystem services
• Transfer per hectare, inhabitant or livestock unit 
• Region-specific value and land coverCultural services
Regulating services Valued indirectly through final ecosystem services supply 
(i.e. soil fertility services valued through crop or livestock 
productivity)
Habitat & biodiversity Valued indirectly through final ecosystem services supply
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Table M Land valuation methodologies
Top-down Bottom-up in-depth case study: 
Maasai steppe in Tanzania
 Valued dimension Natural capital cost of land use change Internal natural capital value of (agro)
ecosystems
Geographical coverage Global Maasai steppe, Tanzania
Input data Biophysical modelling: Country-
specific ecosystem distribution based on 
Olson et al. (2004).
Economic modelling: Global average 
for the value of ecosystem services 
from de Groot et al. (2012).
Biophysical and economic 
modelling: Region-specific data from 
valuations of local ecosystem and 
agricultural surveys.
Valued attribute Hectares of natural ecosystems replaced 
with alternative land uses.
• Supply of individual ecosystem 
services by farmland, rangeland and 
national parks (time series). 
• Regional land cover (time series).
Valuation approach Valuation methodology for land use 
change based on the ecosystem 
services lost from the conversion of 
natural ecosystems to agricultural 
land. Ecosystem services included are: 
provisioning, regulating and cultural 
services.
Natural capital valuation at regional 
level (Maasai steppe in Tanzania) based 
on land cover change scenarios and 
a set of provisioning, regulating and 
cultural ecosystem goods and services.
Carbon stock loss valuation at regional 
level (Maasai steppe in Tanzania) based 
on land cover change scenarios and 
Social Cost of Carbon
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Table N Water valuation methodologies
 Top-down Bottom-up
 Valued dimension Natural capital cost of water 
consumption
Dependency of agriculture on 
natural capital for blue water use
Geographical coverage Global 6 crops in 7 countries (12 combinations)
Input data Biophysical modelling: 
• Country-specific input data following 
Pfister et al. (2011) approach, for 
example WRI (2013) water scarcity.
• Country-specific ecosystem 
distribution based on Olson et al. 
(2004).
Economic modelling: 
• NEEDS project from Desaigues et al. 
(2006). The value used for DALYs is 
global due to ethical reasons.
• Global average for the value of 
ecosystem services from de Groot et 
al. (2012). 
Biophysical modelling: Crop-specific 
country average blue water footprints 
(Mekonnen and Hoekstra 2010) and 
irrigation response factors.
Economic modelling: Crop-specific 
country average cost structure, global 
or national crop trading prices.
Valued attribute Change in DALYs due to malnutrition 
and lack of domestic water caused by 
decreased water availability
Contribution of irrigation water to 
increased crop yields
Change in the potentially affected 
fraction of species
Valuation approach Willingness-to-pay Market prices
Multiple - Contribution of biodiversity to 
the delivery and value of provisioning, 
regulating and cultural services
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